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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report on Regionalization of Bioterrorism
Prepaaredness and Response was requested and funded by AHRQ’s Center for Primary Care,
Prevention, and Clinical Partnerships. The reports and assessments provide organizations with
comprehensive, science-based information on common, costly medical conditions and new
health care technologies. The EPCs systematically review the relevant scientific literature on
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome written comments on this evidence report. They may be sent to: Director,
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.
Director Acting Director, Center for Outcomes and
Agency for Healthcare Research and Quality Evidence

Agency for Healthcare Research and Quality

The authors of this report are responsible for its content. Statements in the report should not
be construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services of a particular drug, device, test, treatment, or
other clinical service.
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Structured Abstract

Context: No single community can prepare fully, nor respond completely, to a large-scale
bioterrorism event. Regionalization of some aspects of preparedness planning for bioterrorism
may facilitate a timely and effective response.

Objectives: The purpose of this project was to first identify the key tasks of responders during a
bioterrorism response and the resources required to perform them, and then to evaluate the
evidence about the potential effectiveness of existing regional systems for the delivery of these
resources and services for bioterrorism preparedness and response.

Data Sources: We searched the medical, emergency management, and supply chain
management literatures and government documents. For each literature, we searched databases
(e.g., MEDLINE®), Web sites, prominent journals, and bibliographies of retrieved articles.

Study Selection: We sought articles describing the key tasks during responses to bioterrorism or
bioterrorism-related events, the resources required for these responses, and existing regional
systems for delivery of these resources. We included articles describing regionalized responses
to the 2001 anthrax attack, naturally occurring outbreaks, and disasters; we also included articles
describing regionalized systems for trauma care, bioterrorism surveillance, and the bioterrorism
response supply chain.

Data Extraction: From articles meeting the inclusion criteria, we extracted information about
the type of regionalized response system described in the article, whether it had been evaluated,
and any evaluative results reported.

Data Synthesis: We reviewed 9542 publications and more than 500 Web sites. Of these, 396
articles, 61 government reports, and 75 Web sites met our inclusion criteria. We found numerous
existing regionalized systems for the delivery of goods and services relevant to bioterrorism
preparedness and response; however, these systems are not well coordinated and few have been
evaluated for their ability to facilitate a response to bioterrorism or a bioterrorism-relevant event.
For example, we found that the regionally organized Laboratory Response Network provided
laboratory surge capacity during the 2001 anthrax attack and that an international research
network rapidly identified the pathogen during the SARS outbreak. In several instances, mutual
aid agreements successfully facilitated the regional provision of emergency goods and services;
and regionalization of trauma care has reduced costs and improved patient outcomes. How well
these regional systems would perform during a large-scale bioterrorism event remains untested.

Simulations: Because we found no evidence describing regionalization of bioterrorism
surveillance, we developed a simulation model to evaluate the tradeoffs in sensitivity and
specificity when analyzing surveillance data locally as opposed to regionally. We found that
warning thresholds may need to be modified to prevent increases in false positives when pooling
data. Because we found no evaluations of regionalized inventory management for resources for
bioterrorism responses, we developed a simulation model to address the costs and benefits of
differing strategies for pre-attack stockpiling and post-attack distribution of antibiotics.
Preliminary results indicate that the number of deaths resulting from an anthrax-like attack is



sensitive to the number of people seeking prophylactic antibiotics and to the time required for
dispensing. Maintaining local inventories is only effective when the probability of bioterrorism
is relatively high.

Conclusions: Numerous regional systems exist for responding to bioterrorism; however, few
have been evaluated. Efforts to coordinate them are ongoing and would likely benefit from
evaluations of regionalized information management systems; of strategies to rapidly distribute
and dispense pharmaceuticals and other response resources; and of plans to specify response
roles, remuneration, and chain of command.

Vi
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Regionalization of Bioterrorism Preparedness and

Response
Summary

Introduction

The anthrax attacks of 2001, the outbreak of
severe acute respiratory syndrome (SARS), and
weapons of mass destruction tabletop exercises
have made it clear that no single community can
prepare fully, nor respond completely, to a large-
scale bioterrorism event. Policymakers recognize
the need to forge relationships and coordinate
preparedness planning efforts at the local, state,
national, and international levels." However,
there is little consensus about the optimal level of
localization or regionalization for each of the
resources and services that must be
operationalized during a bioterrorism response.

We sought to evaluate the evidence regarding
the effectiveness of existing regional systems that
facilitate a response to bioterrorism. We sought
evidence regarding the tasks that would need to
be performed during a bioterrorism response
(such as triage, provision of emergency medical
care, transportation, and surveillance) and
regionalized organizations that would likely
contribute personnel, material, and information
required to perform these bioterrorism response

tasks.
Methods

Key Questions
The Key Questions addressed in this Report

are:

1. What are the key tasks of local responders—
such as local public health officials, clinicians,
and emergency medical personnel—during a
bioterrorism event?

2. What resources do local responders require to
perform the tasks identified in Key Question
12
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3. Which existing regional systems for delivery
of goods and services could be relevant to
supplying the resources identified in Key
Question 2?

4. Can regionalization of bioterrorism
preparedness planning facilitate supplying
needed resources to local responders during a
bioterrorism event?

5. How do geographic variations in the affected
population (e.g., urban as opposed to rural),
special populations, and the interplay of
private and public sector players affect
regionalized systems?

Literature Searches

We sought relevant articles in four primary
literature sources: the medical, emergency
management, and supply chain management
literatures, and government documents. We
sought articles describing bioterrorism
preparedness plans, vaccination strategies,
evaluations of regionalized health care delivery
systems, case studies of emergency responses,
disaster preparedness plans, evaluations of
responses to disasters, case studies about regional
practices to increase the efficiency of
manufacturing and distribution services,
descriptions and evaluations of government
programs responding to the 2001 anthrax cases,
and bioterrorism-relevant events (e.g., naturally
occurring outbreaks and disasters).

We developed separate search strategies for
each of our four primary literature sources. In
general, for each literature source we searched
dartabases such as MEDLINE®, indices of key
journals and conference proceedings, and the
Web sites of relevant organizations. At least one
investigator screened titles, abstracts, and articles,
as necessary, to determine if they met inclusion
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criteria. From each included article, we abstracted the
following data: information describing the regional system,
methods and results of evaluations of the system, information
about the quality of the study, as well as references in the
bibliography that might meet inclusion criteria.

Methodologies for Evaluating Relevant
Regional Systems

From each of the four literature sources, we sought evaluative
information about:

* Clinical outcomes: morbidity and mortality

e Financial outcomes: costs associated with the event or
responses to it

* DProcess outcomes: timeliness of the response; adherence to
clinical protocols; measures of cooperation, coordination,
and communication among responders; information about
the incident command structure that was used and how it
affected the regionalized response; and iterative application
of lessons learned from prior bioterrorism-relevant
responses

*  Outcomes associated with the efficiency of the bioterrorism
response supply chain including considerations of: the
design of the supply chain network, inventory
management, postponement (which refers to the concept
of customizing a product late in the supply chain),
modularization (which refers to the use of standard parts
that can be used in multiple end products), supply chain
coordination, management of incentives, and management
of information.

Supplemental Analyses

Because we found no evidence about regionalization of two
key bioterrorism response tasks—bioterrorism surveillance and
the stockpiling of medical supplies required for a bioterrorism
response—we performed simulations of regionalization of these
tasks, using estimates derived from the published literature. In
our surveillance simulation, we explored the tradeoffs in
sensitivity and specificity caused by analyzing surveillance data
locally versus regionally. In our simulation of regionalization of
inventories of bioterrorism-relevant medical supplies, we
evaluated the costs and benefits of differing strategies for pre-
attack stockpiling and post-attack distribution of antibiotics.

Results

We reviewed 8536 citations, more than 500 websites, 1006
government reports, and numerous texts for potential inclusion
in this Evidence Report. Of these, 396 articles, 61 government
reports, and 75 Web sites met our inclusion criteria.

Synthesis of the Literature Describing the
Existing Infrastructure for Bioterrorism
Response

We included 22 articles, 25 government reports, and 14
Web sites on systems and organizations with existing
infrastructures likely to contribute to a regionalized
bioterrorism response. This literature describes numerous
systems including, but not limited to, public health
departments at local, state, national, and international levels
(e.g., CDC, World Health Organization); the National Disaster
Medical System (a federally coordinated program that provides
medical and mental health assistance including the evaluation
of patients and provision of hospital care when local capabilities
are overwhelmed); Disaster Medical Assistance Teams
(voluntary specialty medical teams that can be deployed to
provide a wide range of disaster medical services and resources);
the Metropolitan Medical Response System (which expands
municipal bioterrorism preparedness through grants that
provide pharmaceuticals and other supplies and requires
detailed preparedness planning by recipient cities); and the
Department of Homeland Security (which has oversight
responsibilities for many of the key bioterrorism response
agencies and programs such as the Federal Emergency
Management Agency and the Strategic National Stockpile).
This literature suggests that numerous response agencies with
regional organizations could contribute to a bioterrorism
response. However, most of these agencies were designed either
independently or for purposes besides bioterrorism response,
and efforts to coordinate them for bioterrorism preparedness
are only now emerging or under development.

Synthesis of Supply Chain Case Studies
Relevant to the Bioterrorism Response Supply
Chain

A traditional supply chain is the integrated network of
entities involved in all aspects of the manufacture of goods,
including the procurement of raw materials, their assembly into
the manufactured product, transportation of the product to
distributors, and distribution to final customers.>? The
bioterrorism response supply chain has several related
components: suppliers of raw materials, manufacturers of goods
(e.g., product manufacturers such as drug and device
manufacturers), purchasers, providers who distribute the
products, customers/payors (e.g., the government, employers,
and individuals), and the transportation systems that connect
these components.’ Supply chain management concepts are
directly relevant to those elements of a bioterrorism response
that require the purchase, inventorying, distribution, and rapid
dispensing of supplies. We included 22 articles and one Web
site describing innovations relevant to the bioterrorism supply
chain. From this literature we synthesized four key lessons:



1. Strategies to improve supply chain network designs,
including regionalization of some elements of the supply
chain (such as pooling of inventories at regional
warehouses), can reduce inventories, improve the capacity
to serve target populations, and save money. Some
bioterrorism response supplies have limited shelf lives, so
minimizing inventory may be important from economic
and logistics perspectives.

2. Several supply chain case studies demonstrated that
redesigning final products to be assembled from a limited
number of common component parts, even if those
component parts are costly, can result in overall cost
savings for the supply chain (modularization). Similarly,
postponing final customization of end products can reduce
total inventories and costs. For bioterrorism, this supports
the practice used by the Strategic National Stockpile of pre-
packaging antibiotics and medical supplies for use in
multiple localities, for a variety of bioterrorism events, and
for use by a variety of patient populations.

3. Coordination of activities of heterogeneous bioterrorism
response supply chain members, with specific consideration
of the incentives of all stakeholders in the supply chain, can
increase efficiency and reduce costs.

4. For the bioterrorism response supply chain, information
systems that can accurately characterize the available supply
of goods and personnel and the ongoing needs of the
community affected may benefit the response.

Synthesis of the Literature Describing
Responses to the 2001 Anthrax Attacks

We included 30 articles, 14 government reports, and 22
Web sites describing regionalized aspects of the response to the
anthrax bioterrorism of 2001. None of these were evaluations;
rather, most described particular aspects of the response to the
anthrax attacks. From these articles, we synthesized five key
lessons.

1. Cooperative agreements and regionalized response plans are
needed for effective response to bioterrorism events. Pre-
event regionalized planning and asset sharing agreements
among local public health agencies and hospitals may
facilitate enhanced surge capacity and coordinate responses
during a bioterrorism event.

2. Incident command must be well defined and accepted by
all relevant responders.

3. Information systems for communication among responders
and with the public must be implemented and tested prior
to an event.

4. The costs and benefits of acquiring, storing, and
maintaining local inventories of medical supplies have not

been established.

5. The Laboratory Response Network significantly enhanced
regional laboratory surge capacity. Whether the surge
capacity provided by the Laboratory Response Network
will be adequate for a bioterrorism event of larger
magnitude remains untested.

Synthesis of the Literature Describing
Responses to Naturally-Occurring Outbreaks

We included 177 articles, 10 government reports, and 33
Web sites about responses to natural outbreaks including SARS,
pandemic influenza, meningococcal meningitis, smallpox, and
West Nile virus. From our review of this largely descriptive
literature, we synthesized three main lessons regarding a
regional response to outbreaks resulting from bioterrorism.

1. Communication and cooperation between health
authorities of neighboring regions are needed for adequate
and rapid responses. Rapid communication can be difficult
to achieve through interim agreements. Thus, cooperation
during a bioterrorism response may benefit from pre-event
development and routine use of shared communication
systems.

2. In the event of a bioterrorism attack, international
cooperation to detect, report, and respond may reduce
associated morbidity or mortality, as it did during the
SARS outbreak.

3. During a bioterrorism event, strategies to protect
responders and their families may be an essential
component of maintaining a robust work force.

Synthesis of the Literature Describing Disaster
Responses

We included 41 articles, 21 government reports, and 12
Web sites that described regionalized responses to natural or
manmade disasters or described regionalization of disaster
response systems. From these articles, we synthesized three key
lessons, though evaluative evidence is limited.

1. Information management is essential for assessing the needs
of the local community and the resources available to
them, and for coordinating responses from regional
agencies.

2. A key component of effective regional responses to disasters
includes mutually agreed upon pre-event protocols that
establish chain of command structures, including plans for
how the chain of command changes as regional and federal
response agencies become involved.

3. Mutual aid agreements (such as the Master Mutual Aid
agreement in California and the Emergency Management
Assistance Compact in the rest of the United States)** are
key components in providing surge capacity for regional
response to disasters. These agreements ensure that every
locale does not have to be staffed and prepared for a

3



maximal intensity event. They enable risk to be spread
among several locales, and provide cost-sharing of disaster
preparedness. Mutual aid agreements for bioterrorism are
likely to benefit from careful pre-event consideration of
liability issues, remuneration, and licensing.

Synthesis of the Literature Describing
Regionalization of Trauma Care

We included 80 articles and government reports that
described regionalization of trauma care; 40 of these reported
the results of evaluations of regionalization of trauma care.
From these, we synthesized four key lessons, based on the
evaluative evidence.

1. Pre-event hospital designation contributes to lower costs
and improved patient outcomes. The evidence from
trauma care regionalization suggests that a key component
of high quality, cost-effective care is limiting high-cost
specialty care to specifically designated hospitals with
increased experience in treating severely injured patients. A
bioterrorism response system may benefit from the pre-
event designation of hospitals.

2. Formalized protocols for pre-hospital and hospital care
contribute to improved patient outcomes. A regionalized
bioterrorism response may benefit from similar protocols so
that first responders know where and how to rapidly
transport exposed patients.

3. An established communication network is essential to the
coordinated regionalization of trauma care. Such a system
could play an important role during a bioterrorism
response.

4. Correctly aligned incentives, particularly sufficient funding,
are critical to maintaining the participation of designated
trauma hospitals. The included articles suggest that
regionalized trauma care systems do not provide sufficient
incentives for some hospitals to remain in the system. A
bioterrorism response system is likely to benefit from
incentives for hospital participation.

Synthesis of the Literature Describing
Regionalization of Surveillance for
Bioterrorism

Our search identified 36 articles, two government reports,
and one Web site describing regionalization of surveillance
systems for bioterrorism. From these, we draw four key lessons.
1. Evaluations of regionalization of surveillance data collection

and analysis are needed. Although numerous syndromic
surveillance efforts in local areas are promising, no study
has evaluated the tradeoffs in terms of costs and benefits of
regionalizing bioterrorism surveillance.

2. 1If a regionalized surveillance system uses local data
collection with regional analysis, considerations of means to
reduce costs of data collection and to share relevant
analyses with local data collectors may enhance local
participation.

3. A common technology platform may facilitate the
collection and analysis of surveillance data.

4. Privacy issues are a key concern: collection and analysis of
surveillance data need to protect individual privacy while
containing sufficient detail to detect new outbreaks.

Simulation Model Results

The results of our surveillance model suggest that whereas
large outbreaks can be relatively easy to detect using either
unpooled (i.e., local) or pooled (i.e., regionalized) data analysis
methods, small outbreaks can be difficult to detect by either
method. Additionally, we found that pooling strategies may
improve detection capabilities, but the circumstances under
which pooling strategies are consistently more effective or cost
effective than using unpooled data remain poorly characterized.

Our inventory logistics simulation model yielded three
results. First, the mortality associated with anthrax bioterrorism
may be highly sensitive to the number of people seeking
prophylactic antibiotics. This is a critical finding given that for
many types of bioterrorism responses it will be difficult to
determine whether an individual has been exposed to the
biothreat agent. Second, strategies that deliver multiple Push
Packs to the site of the attack, until the regional Vendor
Managed Inventory has been delivered to these areas, may
reduce mortality. Finally, increasing the availability of local
inventories may be cost effective only if the annual probability

of attack is high.

Summary of Answers to Key Questions
Key Question 1: What are the key tasks of local responders

during a bioterrorism event? The literature describes nine main
bioterrorism response task categories: preparedness planning,
field assessment and triage, diagnosis, management of the
acutely ill, prevention of the spread of disease, surveillance,
outbreak investigation, communication, and emergency
management. For each of these main tasks, we considered the
subtasks that responders are required to perform. For example,
subtasks of surveillance include collection, analysis, and
reporting of surveillance data.

Key Question 2: What resources do local responders require to
perform the tasks identified in Key Question 1? For each task
described above, we abstracted information about four broad
categories of resources required for that task: personnel,
material, information, and financial. For example, for the key
task of “prevention of the spread of disease,” numerous
personnel, material and information resources are required,
including; clinicians, public health officials, logisticians and



pharmacists (personnel); pharmaceuticals, isolation facilities,

sites for mass vaccination, and supplies for mass care (material);

prevention guidelines, home-care instructions for patients, and
information regarding characteristics of the infectious agent to
aid decisionmaking about quarantine, isolation, and evacuation

(information); and the financial support for each of these.

Key Question 3: Which existing regional systems of delivery of
goods and services could be relevant to supplying the resources
identified in Key Question 22 We found numerous systems and
organizations with regionalized infrastructures engaged in the
timely delivery of bioterrorism-relevant material, personnel, and
information. Specifically, we found systems and organizations
responsible for each of the response tasks described in our
answer to Key Question 1: for preparedness planning (e.g., the
Joint Commission on the Accreditation of Healthcare
Organizations), field assessment and triage (e.g., US trauma
care system), diagnosis (e.g., Laboratory Response Network),
management of the acutely ill (e.g. Medicins Sans Frontieres),
prevention of the spread of disease (e.g., Strategic National
Stockpile), surveillance (e.g., Electronic Surveillance System for
the Early Notification of Community-based Epidemics),
outbreak investigation (e.g., Epidemic Intelligence Service),
communication (e.g., ProMed), and emergency management
(e.g., Emergency Management Assistance Compacts).

Thus, we conclude that numerous existing systems and
organizations could contribute to a regionalized bioterrorism
response. Many of these have long histories of successful
participation in bioterrorism-related events such as infectious
disease outbreaks and natural disasters. However, most of these
systems were designed independently, typically to facilitate
particular response tasks. Ongoing efforts to coordinate such
systems have not been evaluated.

Key Question 4. Can regionalization of bioterrorism
preparedness planning facilitate supplying needed resources to local
responders during a bioterrorism event?

Odur evidence synthesis produced six main results about
regionalization of services for bioterrorism preparedness and
response.

1. There have been few evaluations of whether regionalization
has benefited a particular response organization or task.
Efforts to develop a regionalized infrastructure for
bioterrorism responses will likely benefit from careful
evaluations of the numerous tasks involved in a
bioterrorism response and the alternative strategies for
providing the necessary resources to perform these tasks.

2. Regionalization has benefited response capability in disaster
situations. Our review of the responses to natural and
manmade disasters found that during large-scale disasters,
local response capacity can be quickly overwhelmed. The
key method of organizing regionalized disaster responses is
by mutual aid agreements. The elements of successful
mutual aid agreements include pre-event ratification of
legislation by all signatories to resolve issues of

compensation, liability, and insurance, and uniform
information systems to track needs and resources.
Bioterrorism responses are likely to benefit from mutual aid
agreements in all states (including agreements with
neighboring regions of Mexico and Canada), which will
provide surge capacity for public health services.

Regionalization efforts have successfully expanded surge
capacity for laboratory services. During the anthrax
attacks, the Laboratory Response Network successfully
provided laboratory surge capacity. Whether there is
sufficient transportation infrastructure to facilitate the
delivery of laboratory specimens from a bioterrorism attack
location to Laboratory Response Network facilities during
a larger bioterrorism event has not been evaluated.

Information technologies facilitate accurate determination
of response needs and available resources, effective
application of the chain of command, communication
among responders and with the public, and surveillance.
Our review of evaluations of supply chains emphasized the
importance of accurate information for coordination of all
elements of the supply chain. Additionally, the evaluations
demonstrated that investments in information technologies
often resulted in net cost savings for the supply chain while
improving service. The disaster response literature provided
examples of how inadequate information infrastructures led
to delays in responses. Regionalization of bioterrorism
preparedness and response efforts will likely benefit from
careful consideration of the information technologies that
can facilitate sharing of information by different response
organizations and by responders at local and regional levels.

The disaster and outbreak response literatures emphasize
that local responders are often at risk of personal injury
during a response. Because local responders will be the
first on a scene during an emergency, bioterrorism
responses may benefit from careful consideration of the
incentives of local personnel to participate in a response
and from first responder training that emphasizes personal
safety, triage, diagnosis, and outbreak management tasks.
Few included articles specifically articulated lessons learned
from their bioterrorism-related preparedness or response
experiences. Our review of government documents,
particularly responses of military personnel, found that
organizational commitment is a key factor in implementing
a ‘lessons learned’ approach to ensuring that knowledge
gained from both good and bad experiences is maintained
in institutional memory. Plans to regionalize services for a
response to a large-scale bioterrorism event could benefit
from the experiences of responses to small bioterrorism
events and relevant naturally occurring outbreaks if the
lessons learned from these experiences were documented
and used to improve planning efforts. Given the
complexity of a bioterrorism response, the iterative



application of lessons learned from one experience to the
next requires commitment from all relevant response
organizations to institutionalize a ‘lessons learned’

approach.

Key Question 5: How do geographic variations in the affected
population, special populations, and the interplay of private and
public sector players affect regionalized systems? In the United
States, special populations including children, the elderly, the
disabled, and pregnant women account for about 134 million
people.”” Thus, bioterrorism preparedness planning requires
consideration of these special populations. However, we found
little evidence that specifically addressed variations in
regionalized responses on the basis of geography, population, or
public-private cooperation.

Discussion

Given the complexity and cost of training, staffing,
equipping, and mobilizing an adequate bioterrorism response
infrastructure, no single community can be expected to develop
and maintain the necessary capacity for a large-scale
bioterrorism response. Instead, regionalization may benefit
some bioterrorism preparedness and response capabilities. Our
extensive search of four literature sources relevant to
bioterrorism responses found that the response infrastructure
for a bioterrorism event includes numerous agencies with
regionalized organizational structures. However, most of these
agencies have been developed independently or for purposes
other than bioterrorism response, and efforts to coordinate
them for bioterrorism preparedness are underway but not yet
widespread. Specifically, the Department of Homeland
Security, which has oversight and coordination responsibilities
for many of the agencies that would contribute to regionalized
bioterrorism responses, is currently reorganizing its regional
structure.

We conclude that regionalization is likely to benefit elements
of a bioterrorism response including the provision of surge
capacity in essential response services such as triage, the
provision of medical care, distribution and dispensing of
prophylactic therapies, outbreak investigation, security
management, and emergency management. Additionally,
regionalization may be a cost effective strategy for developing
teams of trained response personnel and maintaining
inventories of response equipment. Numerous response
organizations with regionalized infrastructures will serve key
functions during a large-scale bioterrorism response.
Coordination of these organizations may benefit from
implementation of information management strategies and pre-
event agreements that specify response roles, remuneration, and
chain of command.

6

Future Research

Despite the large number of studies and articles we reviewed,
we found very few evaluations of systems relevant to
bioterrorism preparedness, and even fewer evaluations of the
regionalization of a system relevant to bioterrorism
preparedness. Future research is needed to fill this gap in the
literature. Specifically, evaluations are needed for a better
understanding of the costs and benefits of regionalization of
surveillance, inventory management and distribution systems,
and information management.

Availability of the Full Report

The full Evidence Report from which this summary was
taken was prepared for the Agency for Healthcare Research and
Quality (AHRQ) by the Stanford—-UCSF Evidence-based
Practice Center under Contract No. 290-02-0017. Printed
copies may be obtained free of charge from the AHRQ
Publications Clearinghouse by calling 800-358-9295.
Requesters should ask for Evidence Report/Technology
Assessment No. 96, Regionalization of Bioterrorism Preparedness
and Response. Additionally, the report and this summary will be
available online through AHRQ’s Web site at www.ahrq.gov.
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Chapter 1. Introduction

The best we can do is to realize nobody can save his own skin alone. We must all hang together.
—Eleanor Roosevelt, April 5, 1938. !

Background

The anthrax attacks of 2001, the severe acute respiratory syndrome (SARS) outbreak of
2003, and numerous weapons of mass destruction drills of the past few years have made it clear
that no single community can prepare fully, nor respond completely, to a large-scale bioterrorism
event. Policy makers, including elected officials, public health officials, emergency management
professionals, clinicians, and leaders from the first responder communities, recognize the need to
forge relationships and coordinate preparedness planning efforts at the local, state, national, and
international levels.? However, there is little consensus about the optimal level of localization or
regionalization for each of the resources and services that must be operationalized during a
bioterrorism response.

The Agency for Healthcare Research and Quality (AHRQ) determined that a comprehensive
review of preparedness planning efforts, and response tasks and capabilities at local, state,
national, and international levels could provide insights about ways to coordinate response
efforts and maximize available resources for a bioterrorism response. The literature revealed
widely disparate systems, reflecting the frequently individualized preparedness planning efforts
of each group of response personnel (e.g., public health officials, clinicians, first responders, and
emergency management professionals). There is little direct evidence as to whether
regionalization either benefits or impairs bioterrorism preparedness planning or responses.
Ongoing efforts to regionalize bioterrorism preparedness and response planning could be greatly
advanced by rigorous evaluation and synthesis of the lessons learned from the 2001 anthrax
response; ongoing bioterrorism surveillance efforts; regional responses to naturally occurring
outbreaks and disasters; regional systems for the provision of specialty medical care, such as
trauma care; and regionalization of the bioterrorism response supply chain.

The Purpose of the Evidence Report

The purpose of this Evidence Report is to evaluate the evidence regarding the effectiveness
of existing regional systems that facilitate a response to bioterrorism. Because of the limited
evidence about regionalized systems specific to bioterrorism preparedness and response, we
evaluated evidence from relevant bioterrorism-related fields that bear on the question of whether
regionalization of goods and services is likely to benefit a bioterrorism response. Specifically, we
searched four primary sources: the medical, supply chain, and emergency management

Throughout this Report, the references referred to in the text can be found on pages 113 to 142 in the section entitled References
and Included Studies. Note that pages 143 to 166 contain a Listing of Excluded Studies, not references.



literatures and government documents. From these sources we sought three types of articles:
those describing agencies with regionalized organizational structures that would likely contribute
to a bioterrorism response, those describing bioterrorism-related events such as infectious disease
outbreaks resulting from bioterrorism and natural causes and disasters, and those describing tasks
routinely performed during a bioterrorism response such as triage, provision of emergency
medical care, transportation, and surveillance. We analyzed the included articles for evidence
that regionalization either benefited or impaired responders’ performance of key tasks and
whether it effected a more rapid delivery of the resources essential to performing these tasks.

The dearth of evidence regarding regionalization of two key tasks, bioterrorism surveillance
and the timely delivery of pharmaceuticals and medical supplies to local dispensing sites,
prompted us to develop simulation models of regionalization of these tasks. In our surveillance
simulation, we explored the tradeoffs in sensitivity and specificity when the analysis of
surveillance data includes pooling of data over a region. In our simulation of regionalization of
stockpiles of pharmaceuticals, we investigated the costs and benefits of various strategies of
maintaining local as opposed to regional inventories of antibiotics for a large-scale anthrax
attack.



Chapter 2. Methods

Technical Expert Advisory Panel

For advice on the scope of the project, refinement of the Key Questions, and preparation of
this Evidence Report, we consulted technical experts in the following fields:
bioterrorism/biodefense, public health, supply chain management, surveillance, disaster
epidemiology, disaster logistics, and emergency management (Appendix A).

Target Audience and Population

The decisionmakers addressed in this Evidence Report are clinicians, emergency
preparedness officials, public health officials, and policymakers. For the purpose of this Report,
clinicians include all clinical health providers such as physicians, nurses, respiratory technicians,
and community health workers. First responders include paramedics, fire, police, and hazardous
materials professionals. Public health officials and policymakers include those at the local, state,
federal, and international levels.

The ultimate target population of this Report is the U.S. population at risk for morbidity or
mortality resulting from bioterrorism. We are interested in systems and organizations relevant to
regionalized bioterrorism preparedness plans that affect the entire U.S. population at risk for
bioterrorism, including those of all racial and ethnic backgrounds, all ages, and both genders.

Key Questions

We developed the Key Questions in collaboration with AHRQ and our Technical Expert
Advisory Panel.

The Key Questions addressed in this Report are:

1. What are the key tasks of local responders such as local public health officials, clinicians,
and emergency medical personnel during a bioterrorism event?

2. What resources (e.g., laboratory supplies and services, vaccines and pharmaceuticals,
hospital capacity, training, and information) do local responders require to perform the tasks
identified in Key Question 1?

Note: Appendixes are provided electronically at
http://www.ahrg.gov/clinic/epcindex.htm



3. Which existing regional systems for delivery of goods and services could be relevant to
supplying the resources identified in Key Question 2? Which elements of these systems have
been critically evaluated? What are their strengths and limitations?

4. Can regionalization of bioterrorism preparedness planning facilitate supplying needed
resources (including personnel, material, and information) to local responders during a
bioterrorism event?

5. How do geographic variations in the affected population (e.g., urban as opposed to rural),
special populations (e.g. children, elderly, or disabled), and the interplay of private and
public sector players affect regionalized systems?

Development of an Analytic Framework

The analytic framework for this Report advanced logically from our 2002 Evidence Report
for AHRQ titled, “Information Technologies and Decision Support Systems for Bioterrorism
Preparedness.” In that 2002 Report, we evaluated the potential utility of 217 information
technologies and decision support systems designed to support the tasks and decisions of
clinicians and public health officials during a bioterrorism response. For the current project, our
analytic framework focuses on the decisions and tasks of local responders and the resources (i.e.,
material, trained personnel, and information) they require to perform their key tasks. We
considered how these tasks changed depending upon whether they were performed by local,
state, or federal responders (i.e., depending on the unit of regionalization). To inform our
analytic framework, we sought published guidelines describing relevant tasks associated with
robust bioterrorism response planning, such as those published by government and professional
organizations,*® the Institute of Medicine,” individual state plans,'®** the Joint Commission on
Accreditation of Healthcare Organizations’ list of potential hospital criteria,'®? guidelines
published by the American Hospital Association,* *° and input from our Expert Advisory Panel.
We describe the development of the specific evaluation criteria in the “Determination of
Methodologies for Evaluating Relevant Regional Systems” section of this chapter.

Development of Inclusion and Exclusion Criteria

Based on input from our expert advisors, our conceptual model, and practical considerations,
we developed inclusion and exclusion criteria to identify potentially relevant systems of
regionalization for bioterrorism preparedness and response. Two types of articles potentially met
our inclusion criteria. First, we sought articles describing systems specifically designed for
regional bioterrorism or related disaster preparedness or response (e.g., the Strategic National
Stockpile, the Metropolitan Medical Response System, the Disaster Medical Assistance Teams,
and the Laboratory Response Network). We searched for articles that described the design,



implementation, or evaluation of these systems at local, state, federal, and other regional levels
(i.e., multi-county, multi-state, international). Second, we sought articles describing systems that
have regionalized the key tasks and decisions outlined in our conceptual model (e.g., evaluation
of triage methods used in trauma care) and articles describing the regionalization of the
distribution of bioterrorism-relevant material, trained personnel, and information (e.g., case
studies from supply chain management that describe cost-effective design of manufacturing,
distribution, and warehousing networks).

We excluded articles describing regionalization of medical services for chronic conditions or
other services that do not necessitate a rapid response. We excluded articles about specific
bioterrorism-preparedness material (e.g., descriptions of personal protective equipment or rapid
diagnostic tests) unless those articles discussed the use of such equipment as part of a
bioterrorism response or preparedness plan. Because training, exercises, and bioterrorism
preparedness drills for hospital personnel and other first responders has been the topic of other
Evidence Reports prepared by the Johns Hopkins University Evidence-Based Practice Center,*
we did not include systems principally intended to support responder training or exercises and
drills.

Development of Search Strategies

The objective of our search strategy was to identify systems and regional organizations that
perform tasks relevant to a bioterrorism response, as identified in our conceptual framework.
The heterogeneity of these tasks necessitated a search strategy that differs in two significant
ways from traditional systematic reviews of health care topics. First, many relevant systems are
described in non-medical sources such as the supply chain management and emergency
management literatures. Because these literatures have not been cataloged in comprehensive
databases like MEDLINE®, they cannot be systematically searched using keywords. Thus, it
was necessary for us to seek bibliographic recommendations from our Expert Advisors in order
to perform manual searches of the tables of contents of relevant journals and conference
proceedings, as well as to conduct Web searches for information disseminated by relevant
organizations.

Second, because of the many types of potentially relevant systems and regional
organizations, and the diverse literature on each relevant system, we did not attempt to collect all
published reports of any included system. Instead, we adopted an iterative search strategy of
preliminary searches to identify potentially relevant systems, followed by focused searches to
evaluate the relevance of such systems to regionalization of bioterrorism preparedness. We
performed the preliminary searches of each relevant literature source in a hierarchical manner:
we searched for systems specifically related to regionalization of bioterrorism preparedness,
planning, and response prior to searching for systems associated with less specific bioterrorism-
related events (e.g., infectious disease outbreaks, natural disasters, and man-made disasters). For
example, we performed focused searches to identify published reports of the responses of the
American Red Cross to bioterrorism-relevant events, particularly those that discuss the effects of
regionalization on such a response. We did not include descriptions of Red Cross responses to
non-bioterrorism-relevant events. Similarly, we did not attempt to evaluate the preparedness
plans and capabilities of every public health and emergency management jurisdiction in the



United States. Instead, we sought a general understanding of local and state public health
approaches by reviewing a representative sample of geographically distributed and
organizationally diverse public health infrastructures.

Identification of Literature Sources

Published work on bioterrorism preparedness planning and on regional systems for delivery
of goods and services is found in four primary literature sources: the medical, emergency
management, and supply chain management literatures, and government documents. We
developed separate search strategies for each of these literature sources. Details of our literature
sources are presented in Table 1.

From the medical literature, we sought articles describing bioterrorism preparedness plans,
vaccination strategies, and evaluations of regionalized health care delivery systems. For this
literature we searched two databases (MEDLINE® and Cochrane), bibliographies of relevant
articles, Web sites of relevant organizations (e.g., American Hospital Association, the National
Association of County and City Health Officials), and reference lists provided by our Expert
Advisors (Table 1).

From the emergency management literature, we sought case studies of emergency responses,
descriptions of disaster preparedness plans, and evaluations of disaster responses. For this
literature, we searched six databases (e.g., HazL.it), reviewed the past five years of articles from
four prominent journals in the field of emergency management (e.g., Disasters), and searched
Web sites of relevant organizations (e.g., the Natural Hazards Center at the University of
Colorado at Boulder). We also reviewed reference lists provided by our expert advisors and
bibliographies of included articles.

From the supply chain management literature, we sought case studies and articles about
regional practices to increase the efficiency of manufacturing and distribution services and
methods for evaluating supply chains. For this literature, we searched seven databases (e.g.,
databases of case studies at prominent graduate business schools), reviewed the past five years of
articles from five prominent journals in the field of supply chain management (e.g., Interfaces
and Harvard Business Review), and searched Web sites of relevant associations (e.g., the
Institute for Operations Research and Management Science and the Fritz Institute). We also
reviewed reference lists from our expert advisors and bibliographies of included articles.

Finally, from relevant government documents we sought local and regional bioterrorism
preparedness plans, descriptions and evaluations of government programs responding to
bioterrorism events (e.g., 2001 anthrax cases), and bioterrorism-relevant events (e.g., naturally
occurring outbreaks and disaster responses). For this literature, we searched three government
databases (i.e., GrayL.it, the National Technical Information Services, and the National
Academies Press), reviewed the past five years of articles from Military Medicine, and searched
the Web sites of relevant government agencies (e.g., the Centers for Disease Control and
Prevention and the Federal Emergency Management Agency), including those named as primary
or support agencies in the Federal Response Plan.



Table 1. Literature Sources

Databases for published

Key journals and conference

Examples of Relevant Organizations (for

Literature ggtoerrtlsl g;\]rél\c/\lleesb,sl?t(;zl)(s, proceedings Web-based searches)
Medical MEDLINE® Conference proceedings for the American Hospital Association
Cochrane last two years (2001-2) for: Joint Commission on Accreditation of
American Medical Informatics Healthcare Organizations
Association Council of State and Territorial
Medical Decision Making Epidemiologists
Infectious Disease Society of ProMED-mail
America National Association of County and City
American Public Health Health Officials
Association National Professional Society of
American Pharmaceutical Pharmacists
Association American Pharmaceutical Association
Center for Civilian Biodefense Strategies
Emergency Fire Academy (FEMA) Disasters Center for Excellence in Disaster
Management HazLit (UC Boulder) Prehospital Disaster Medicine Management and Humanitarian
Disaster! Finder (NASA) Disaster Prevention and Assistance
Global Emergency Management Natural Hazards Center (University of
Management System Disaster Recovery Journal Colorado, Boulder)
Health and Safety
Sciences Abstracts
Risk Abstracts
Supply Chain Harvard Business School Interfaces Institute for Operations Research and
case database Operations Research Management Science
Stanford Graduate School = Management Science Fritz Institute
of Business case Harvard Business Review American Red Cross
database Manufacturing and Service
Darden School of Operations Management
Business Administration
(University of Virginia)
case database
Institute for Operations
Research and
Management Science
(INFORMS) bibliographic
database
Government GrayLit Military Medicine Centers for Disease Control and
Documents  National Technical Prevention (CDC)

Information Service
National Academies Press

Federal Emergency Management Agency
(FEMA)

Metropolitan Medical Response System

National Disaster Medical System (NDMS)

Department of Veterans Affairs (VA)

Health and Human Services (HHS)

National laboratories

U.S. Army Medical Research Institute of
Infectious Diseases (USAMRIID)

Global Emerging Infections System,
Department of Defense (DoD)

U.S. General Accounting Office (GAO)




Preliminary Searches

This section describes our preliminary searches for potentially relevant response
organizations, bioterrorism-related and naturally occurring outbreaks, responses to natural
disasters, and supply chain management cases.

Preliminary Medical Literature Database Searches

To identify potentially relevant articles in the medical literature, we searched MEDLINE®
and Cochrane databases and references provided by our Expert Advisors.

MEDLINE® search strategies. We searched MEDLINE® (January 1966 to February 15,
2003) using the search terms described in Table 2.

Table 2: MEDLINE® Searches to Identify Potentially Relevant Systems and Organizations

Search Search Terms Cltgtlons Art.|cles
reviewed retrieved
Bioterrorism-relevant Events
Anthrax attack, 2001 "anthrax"[MESH] AND bioterror* AND 2001 219 25
Salmonella bioterrorism , The Dalles, "food contamination"[MESH] AND "disease 2 2
Oregon, 1984 outbreaks"[MESH] AND Oregon AND salmonella
Natural Outbreaks
Smallpox, New York City, 1947 "smallpox"[MESH] AND "New York City" 7 0
Smallpox, Boston, 1903-4 "smallpox"[MESH]AND Boston AND 1903 2 2
Hantavirus pulmonary syndrome  "hantavirus"[MESH] AND "Disease 20 30
Outbreaks"[MESH]
Meningitis, Minnesota, 1995 "meningitis"[MESH] AND "disease 4 2
outbreaks"[MESH] AND Minnesota
Meningitis, other "disease outbreaks"[MESH] AND 112 49
"meningitis"[MESH] AND "North America"[MESH]
West Nile Virus (WNV) "West Nile Virus"[MESH]JAND "North 198 46
America"[MESH]
Cryptosporidiosis, Wisconsin, "cryptosporidium“[MESH]AND Milwaukee 22 9
1993
Severe acute respiratory “severe acute respiratory syndrome” OR “SARS 140 29
syndrome, 2002-3 virus"[MESH]
Natural Disasters
Disaster planning “Natural Disasters"[MESH] AND “Disaster 525 87
Planning”[MESH]
Hurricane Andrew "Natural Disasters"[MESH] AND "Hurricane 92 43
Andrew"
Hurricane Hugo "Natural Disasters"[MESH] AND "Hurricane Hugo" 48 12
Hurricane Iniki "Natural Disasters"[MESH] AND "Hurricane Iniki" 12 4
Loma Prieta earthquake "Natural Disasters"[MESH] AND "Loma Prieta" 27 13
Northridge earthquake "Natural Disasters"[MESH] AND "Northridge" 34 3
Mass Gatherings
Olympics Olympic* AND (surveil* OR “disaster 43 33
planning”[MESH])
Political conventions “Disaster Planning"[MESH] AND “Politics"[MESH] 64 21
Sporting events "sports"[MESH] AND "disaster planning"[MESH] 32 29
Hajj-related "disease outbreaks"[MESH] AND hajj 13 7
Man-made disasters
Bombings (“Terrorism”[MESH] OR bombing) AND 85 24
“Oklahoma City”

10



Search Search Terms Cltgtlons Art.|cles
reviewed retrieved
Sarin attacks, Tokyo, 1995 “Tokyo”[MESH] AND “Sarin”[MESH] 24 9
Plane crashes "Disasters"[MESH] AND plane AND crash 20 7
Nightclub disasters Nightclub AND (fire OR stampede) 1 1
Bhopal chemical spill "Disasters"[MESH] AND Bhopal 95 12
Chernobyl nuclear disaster "Disasters"[MESH] AND Chernobyl 44 9
Preparedness Plans for Bioterrorism
General preparedness plans Bioterror* AND “disaster planning’[MESH] 385 155
Hospitals plans "disaster planning"[MESH] AND 18 17
"hospitals"[MESH] AND bioterror*
Public health department plans "public health"[MESH] AND "disaster 213 81
planning"[MESH] AND bioterror*
Government plans "Government"[MESH] AND "disaster 74 61
planning"[MESH] AND bioterror*
Laboratories plans "laboratories"[MESH] AND (bioterror* OR "disaster 55 21
planning"[MESH)])
Bioterrorism-relevant Tasks
Planning and Preparedness
Relationship development "disaster planning"[MESH] AND 3 3
("relat*'[TITLE/ABSTRACT] OR
"partner*'[TITLE/ABSTRACT])
Warning systems “warning system” AND “disaster planning’[MESH] 6 4
Resource stockpiling stockpile AND (disaster[MESH] OR bioterror*) 15 9
Field Assessment and Triage
Rescue and stabilization of ("emergency treatment"[MESH] OR "emergency 94 77
victims medical services"[MESH]) AND bioterror*
Rescue and stabilization of ("Regional Medical Programs"[MESH] OR 240 115
victims “"regional health planning"[MESH]) AND ("trauma
centers"[MESH] OR "burn units"[MESH])
Transportation of victims transport* AND bioterror* 14 7
First responder protection ("safety management"[MESH] OR "first 13 12
responder"[TITLE/ABSTRACT] OR “personal
protect*”) AND bioterror*
Field assessment “Emergency Medical Services"[MESH] AND 100 78
bioterror*
Triage “triage”[MESH] AND bioterror* 9 6
Hazard assessment (hazard OR danger) AND assess* AND bioterror* 4 3
Diagnosis
Diagnosis and agent ("diagnostic equipment'[MESH] OR 42 19
identification "laboratories"[MESH]) AND bioterror*
Management
Decontamination of victims "decontaminat*"[TITLE/ABSTRACT] AND 20 9
bioterror*
Definitive medical care ("critical care"[MESH] OR manag*) AND clinic* 24 12
AND bioterror*
Definitive medical care ("regional health planning"[MESH] OR "Regional 79 40
Medical Programs"[MESH]) AND "Intensive Care
Units, Neonatal'[MESH]
Distribution of supplies, (“equipment and supplies"[MESH] OR pharmacy?*) 20 13
equipment, pharmaceuticals AND distribut* AND bioterror*
Prevention
Immunization and prophylaxis ("mass immunization"[MESH] OR prophylax*) 74 48
AND bioterror*
Isolation and quarantine ("quarantine"[MESH] OR "patient 16 12
isolation"[MESH]) AND bioterror*
Surveillance
Surveillance (“epidemiology”[MESH] OR surveil*) AND 135 103
bioterror*
Detection Detection AND bioterror* 58 32

Outbreak Investigation
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firefighter*) AND terror*

Search Search Terms Cltgtlons Art.|cles
reviewed retrieved
Outbreak investigation “Contact Tracing"[MESH] AND bioterror* 0 0
Evaluation of responder, "epidemiologic methods"[MESH] AND bioterror* 268 81
caregiver and victim health
Communication
Communication system ("communication"[MESH] OR "communications 81 46
development media"[MESH]) AND bioterror*
Addressing the information ("telecommunications"[MESH] OR "persuasive 33 19
needs of the public/media communication"[MESH] OR "Information
dissemination"[MESH] OR "mass media"[MESH]
OR "Hotlines"[MESH]) AND bioterror*
Emergency Management
Command and control (“incident command” OR “command and control” 5 5
OR command control”) AND bioterror*
Volunteer utilization and control ("international agencies"[MESH] OR volunteer*) 38 13
AND bioterror*
Mental health services for ("mental health"[MESH] OR counsel*) AND 7 6
responders, victims, caregivers bioterror*
and families
Fatality management ("coroners and medical examiners"[MESH] OR 5 2
"fatality management") AND bioterror*
Mutual aid agreements “mutual aid” 143 11
Bioterrorism-relevant Resources
Material
Pharmaceuticals and related pharm* AND bioterror* 32 15
equipment (syringes, gloves,
etc.)
Communications equipment Communicat* AND equipment AND bioterror* 3 3
Patient transportation equipment, "Transportation of Patients"[MESH] AND bioterror* 2 2
including helicopters and
ambulances
Laboratory "laboratories"[MESH] AND bioterror* 44 15
Trained personnel
General personnel Personnel AND bioterror* 157 48
Medical: physicians, nurses, (doctor*[TITLE/ABSTRACT] OR 92 66
hospital administrators, nurs*[TITLE/ABSTRACT] OR
pharmacists physician*[TITLE/ABSTRACT] OR
pharmacist*[TITLE/ABSTRACT] OR
administrator*[TITLE/ABSTRACT]) AND bioterror*
Public health: local, regional, "public health"[MESH] AND 65 58
state and national officials; ("local"[TITLE/ABSTRACT] OR
epidemiologists "state"[TITLE/ABSTRACT] OR
"epidemiolog*'[TITLE/ABSTRACT]) AND
bioterror*
Emergency response ("Emergency Medical Technicians"[MESH] OR 35 10

Total 4669 1852

*The use of the asterisk expands search terms such that all combinations of terms with the phrase preceding the asterisk will be
returned in the search (e.g., bioterror* returns searches for bioterrorism, bioterrorist, bioterror, etc.).
MESH = Medical Subject Heading
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Cochrane search strategies. We searched the Cochrane databases from January 1, 1990
through May 1, 2003 (Ovid, Evidence Based Medicine Reviews Multifile) using the search terms
described in Table 3.

Table 3: Search Terms and Citations for Cochrane Databases

Search terms Citations reviewed Articles retrieved

Anthrax 7 0
Bioterrorism OR bioterrorist OR terrorism OR terrorist 1 o'
Salmonella AND outbreak 4 0
Outbreak 137 4
Smallpox 38 1
Hantavirus 4 0
Meningitis AND outbreak 11 1
West Nile Virus 2 0
Cryptosporidiosis 22 0
SARS OR severe acute respiratory syndrome 9 0
Disaster 31 1
Hurricane 3 3
Earthquake 6 4
(Olympic OR Olympics) AND (sport OR game) 3 0
national convention AND politic* 0 0
Hajj 2 0
Bhopal 0 0
Chernobyl 10 0
Emergency AND prepare* 13 0

AND government 2 0

AND hospital 73 0

AND public health 13 1

AND laborator* 19 3
Regional trauma 8 1
Regional burn 1 0
First responder 6 2
Triage 126 1
Mass immunization 7 1
Quarantine 7 0
Coroner OR medical examiner 1 0
Media and public and communication 28 4
Hospital capacity 2 0
Laboratory capacity 0 0
Disease surveillance 7 0
MMRS OR Metropolitan Medical Response System 0 0
DMAT OR Disaster Medical Assistance Team 1 0
National Pharmaceutical Stockpile 0 0

Total 613 27

*The use of the asterisk expands search terms such that all combinations of terms with the phrase preceding the asterisk will be
returned in the search (e.g., bioterror* returns searches for bioterrorism, bioterrorist, bioterror, etc.).
"This reference discusses clinical aspects of the anthrax vaccine but does not address regionalization.

Preliminary Emergency Management Database Searches

We searched six emergency management databases, using a similar search strategy for each
(Table 4). Two databases (NASA'’s Disaster! Finder and FEMA’s Global Emergency
Management System) were eliminated after we searched them using terms similar to the terms
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listed below and determined that they did not contain reports or articles meeting our inclusion
criteria.

Table 4: Search Terms and Citations for Emergency Management Databases

Fire Academy Health and Safety Risk Abstracts

HazLit (UC Boulder)

Search Terms (FEMA) Sciences Abstracts
Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved

Mutual aid AND 16 6 2 1 0 0 0 0
(health* or

medicine)

Bioterror* 123 23 0 0 43 7 33 11
Regionalization 45 14 6 2 13 1 0 0
Total 184 43 8 3 56 8 33 11

*The use of the asterisk expands search terms such that all combinations of terms with the phrase preceding the asterisk will be
returned in the search (e.g., bioterror™ returns searches for bioterrorism, bioterrorist, bioterror, etc.).

Preliminary Supply Chain Management Database Searches

The search strategy used for supply chain case databases (e.g., Harvard Business School’s
case database and the Stanford Graduate School of Business case database) and for other supply
chain management databases (e.g., databases maintained by the Institute for Operations Research
and Management Science (INFORMS)) is presented in Table 5.

Table 5. Search Terms and Citations for Supply Chain Databases

S hT Harvard Cases Stanford Cases Darden Cases Bibliographic INFORMS
earch terms Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved
Bioterror 0 0 0 0 0 0 0 0
Supply chain 65" 11 31 7 6 0 69 7
Disaster 12 1 0 0 7 1 8 2
Logistics 67 7 3 0 8 2 34 2
Terror 5 0 0 0 0 0 1 0
Total 149 19 34 7 21 3 112 11

"Note that these search terms were often duplicative; for example, not surprisingly, the supply chain and logistics searches in any
given database often returned the same articles.

Preliminary Government Documents Database Searches
The search strategy employed for government databases is presented in Table 6.

Table 6: Search Terms and Citations for Government Databases

GrayLit NTIS** NAPT
Search Terms
Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved

Bioterror* 80 35 89 29 15 7
Disaster AND “preparedness plan*” 39 1 0 0 15 6
Laboratory AND region* 201 2 10" 0 15 2
Disaster AND (manage* OR 213 48 100° 29 15 2
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GrayLit NTIS** NAP™
Search Terms
Reviewed Retrieved Reviewed Retrieved Reviewed Retrieved

respon®)

All Hazards AND “preparedness 50 2 0 0 15 5
plan*”

All Hazards AND (manag* OR 148 1 0 0 15 4
respon*)

Total 731 89 185 58 90 26

*The use of the asterisk expands search terms such that all combinations of terms with the phrase preceding the asterisk will be
returned in the search (e.g., bioterror™ returns searches for bioterrorism, bioterrorist, bioterror, etc.).

Tlaboratory AND regionaliz* ; Sdisaster AND management AND response; **National Technical Information Service; ""National
Academies Press

Focused Searches

Having reviewed the citations obtained in our preliminary searches, we identified systems
and organizations that performed one or more of the tasks identified in our conceptual
framework or facilitated the timely distribution of relevant material, personnel, and information.
We then performed focused searches of these systems and organizations for articles describing
their participation in regionalized responses to bioterrorism-relevant events (Table 7).

Table 7. List of Potentially Relevant Systems for Focused Searching by Primary Task

Main Task Example System or Organization

Planning and preparedness Systems for training (e.g., National Laboratory Training Network; State fire training centers
(FEMA); National Emergency Training Center (Federal Emergency Management
Agency); Metropolitan Fire and Emergency Medical Services Training Program
(Department of Justice); Public Health Training Network)

Organizations for hospital preparedness (e.g., Joint Commission for the Accreditation of
Healthcare Organizations, the American Hospital Association)

National Domestic Preparedness Consortium

National Domestic Preparedness Office (Federal Bureau of Investigation)

Office of Emergency Preparedness

Office of Public Health Preparedness

Domestic Preparedness Program (DoD)

Bioterrorism Preparedness and Response Program (HHS)

Field assessment and triage Castro Halloween Party Emergency Management System (San Francisco)
Aeromedical Evacuation System
U.S. trauma care system

Diagnosis Laboratory Response Network

Management of the acutely il  Systems for tracking capacity (e.g., BEDTRACK, HERIS)

Systems that regionalize trained personnel (e.g., Medicins Sans Frontiers, Medical
Reserves Corps, Disaster Medical Assistance Teams (DMAT), National Pharmacists
Response Team, National Nurses Response Team, Metropolitan Medical Strike Teams,
National Medical Response Teams)

Systems that regionalize delivery of specialized medical care (e.g., trauma care, burn units,
neonatal intensive care systems)

Rapid delivery of essential medical supplies (e.g., America’s Blood Centers, American
Association of Blood Banks, Organ Procurement and Transplantation Network, United
Network for Organ Sharing)

Hospital Emergency Response Data System

Emergency Management Strategic Healthcare Group (VA)

15



Main Task

Example System or Organization

Prevention of the spread of
disease

Surveillance

Outbreak investigation

Communication

Emergency management

Modular Emergency Medical System (i.e., Neighborhood Emergency Help Center and
Acute Care Center) from U.S. Army Soldier and Biological Chemical Command

Modular Assistance Medical System

Metropolitan Medical Response System

Strategic National Stockpile

Influenza systems (e.g., FluNet, FluWatch, Worldwide Influenza Surveillance Program
[DoD], EuroGROG)

Syndromic surveillance systems (e.g., ESSENCE, BioSTORM, RODS)

Surveillance for food borne iliness (e.g., FoodNet, PulseNet)

Healthwatch (U.S. Army)

DARPA Biosurveillance Project

National Electronic Disease Surveillance System

National Weather Service

Smallpox vaccine related surveillance systems (e.g., Smallpox Vaccine Adverse Events
Monitoring and Response System, Hospital Smallpox Vaccine Monitoring System,
Vaccine Adverse Event Reporting System)

Global Outbreak Alert and Response Network

Biowatch

ProMed

Epidemic Intelligence Service (EIS)

Among public health systems (e.g., Health Alert Network, Epi-X)

Communication to the public (e.g., Amber Alert, FCC Public Safety Program, Emergency
Alert System, Disaster News Network, Cable News Network (CNN), National
Communications System, Homeland Security Advisory System, Farm Disaster Helpline)

Warning systems for military responders (e.g., LERTCON system)

Public Safety Radio Pool

Rapid Response Information Center (FEMA)

Warning systems for emergency medical services (e.g., FirstWatch)

Mutual aid agreements (e.g., California Master Mutual Aid Agreement, Emergency
Management Assistance Compacts)

Federal Response Plan

Charitable organizations (International Federation of Red Cross and Red Crescent
Societies, Red Cross, USAID)

Federal Emergency Management Administration (FEMA)

National Association for Search and Rescue

Transportation systems (e.g., U.S. Postal Service, Federal Express)

Global Expeditionary Medical Systems

Chemical and Biological Rapid Response Teams (DoD), National Guard Weapons of Mass
Destruction Civil Support Teams, Civilian Support Teams (National Guard), Emergency
Response Team (EPA), Technical Escort Units (DoD), Strike Teams (Coast Guard),
Chemical and Biological Response Teams (National Guard), DMORTs, Community
Emergency Response Team

Incident Management Systems (e.g., Unified Command System, National Interagency
Incident Management System, Hospital Emergency Incident Command System)

Enhanced Consequence Management, Planning and Support System

Specially trained military responders (e.g., Soldier’s Biological and Chemical Command,
Chemical and Biological Immediate Response Force)

Biological and Chemical Weapons Improved Response Program

Joint Forces Command: Force Packages (DoD)

Joint Programs Office for Biological Defense (DoD)

U.S. Government Interagency Domestic Terrorism Concept of Operations Plan

Bomb Data Center (DOJ)
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Abstract Review

To identify potentially relevant articles for focused searching, at least one investigator
reviewed each article. For the MEDLINE® search, two investigators reviewed a random selection
of titles to ensure consistent application of the inclusion and exclusion criteria. Discrepancies in
inclusion were resolved by discussion and re-review. An expert in the field of supply chain
management research reviewed titles of potentially relevant cases from the supply chain
literature.

Data Abstraction

All retrieved articles were reviewed by one or more investigators to determine if they met
inclusion criteria. From each description or evaluation of a system, we abstracted the following
data: information describing the regional system, methods and results of evaluations of the
system, information about the quality of the study, as well as references in the bibliography that
might meet inclusion criteria (Abstraction Form, Appendix B).

Determination of Methodologies for Evaluating Relevant
Regional Systems

From each of the four literature sources (i.e., medical, emergency management, and supply
chain management literatures, and government documents), we sought methods for evaluating
the effectiveness of relevant systems. Specifically, we sought methodologies for evaluating
whether a regional system would assist the key decisions and tasks required for effective
bioterrorism preparedness and response. The following sections describe the relevance of each
of the literatures to regionalization of bioterrorism preparedness planning, and describe our
rationale for selecting the evaluation criteria from this literature. For each included article we
abstracted information about only those evaluation concepts relevant to that article.

Evaluation Concepts from the Medical Literature

Evaluation concepts from the medical literature are relevant to considerations of bioterrorism
preparedness because a major component of the response to bioterrorism includes the evaluation,
treatment, and prevention of illness resulting from biothreat agents. Studies of health-related
interventions vary with respect to outcomes and processes under evaluation. For example,
evaluations of medical interventions (e.g., treatments for bioterrorism-related illness) may be
designed to determine whether the intervention is effective, cost-effective, or safe. Such
evaluations may directly measure clinical and financial outcomes (e.g., morbidity, mortality, or
cost). Some evaluations of health care interventions consider process outcomes rather than
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clinical outcomes. For example, evaluations of diagnostic decision support tools for bioterrorism
may study whether the decision support tool increases the likelihood that a clinician makes the
correct diagnosis, or orders an appropriate diagnostic test. From each included article we
abstracted information about any evaluative outcomes of interest, including clinical, financial,
and process outcomes such as morbidity, mortality, cost of the intervention, adherence to clinical
protocols, and timeliness of administration of definitive medical care.

High volume has been associated with better health-related outcomes for numerous health
interventions. Often the volume-outcome association is described in terms of “practice makes
perfect,” although there is the related phenomenon that physicians and hospitals with
demonstrated excellence in clinical outcomes tend to receive more referrals and thus accrue
larger volumes.®* For example, as we will describe in greater detail in Chapter 3, sub-section
“Application of Evaluation Criteria to the Trauma Literature,” regionalized systems for the
delivery of trauma care have achieved cost savings and improved health outcomes by
concentrating the treatment of severely ill patients at trauma centers.***® Because bioterrorism is
a rare event, clinicians, public health officials, hospitals, and others have little opportunity to
practice some bioterrorism-related response tasks (e.g., medical treatment of highly contagious,
critically ill patients; and mass vaccination of an exposed population). By regionalizing services,
some responders may gain sufficient skills for managing bioterrorism-related events. Thus, from
each included article we abstracted information about how regionalization of bioterrorism-related
services may increase the volume or expertise of response organizations, and thus potentially
improve clinical or financial outcomes.

Evaluation Concepts from the Emergency Management Literature

Bioterrorism requires rapid responses characterized by the deployment of trained personnel
(e.g., first responders, medical personnel, hazardous materials experts, and emergency
management professionals), mobilization of supplies, and an effective command structure. Thus,
evaluation concepts from the emergency management literature are relevant to considerations of
bioterrorism preparedness. The emergency management literature largely comprises case studies
(i.e., descriptions) of responses to particular events such as fires, hurricanes, and earthquakes.
Occasionally, authors compare responses across similar types of disasters. The outcomes of
interest in emergency management studies include morbidity and mortality associated with an
event and responses to it; > “° the timeliness of the response; measures of cooperation,
coordination, and communication among responders; and costs resulting from the disaster and/or
the response.***> The emergency management literature emphasizes the importance of a clear
chain of command for efficient decision making and execution of response tasks, and repeatedly
recommends the use of the Incident Management System when managing an emergency.** This
system, developed in the 1970s in California for firefighting, is based on military command and

*

Numerous articles about disaster responses describe injuries sustained by responders attempting to aid victims. For example,
during the 1995 Tokyo sarin attack, 135 paramedics (9.9% of the total affected population), became ill after they were exposed to
sarin from the clothes of victims. Similarly, following the 1985 earthquake in Mexico City, volunteers served a large role in
rescuing victims trapped in collapsed buildings. However, the cost was considerable: 800 people were saved but 100 volunteers
were Killed during attempts to save victims. The enormity of the impact of this disaster on untrained volunteers stimulated several
programs to train community members for natural disasters as described in greater detail in Chapter 3, sub-section “Lessons
Learned from the Disaster Literature for the Regionalization of Services for Bioterrorism Preparedness.”
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control models, and has been expanded to an “all-hazard/all-risk” system routinely used in the
management of a wide array of emergencies.** It includes “organization, unity of command,
incident planning, integrated logistics and other key operational command and control
elements.”*® From each included article, we abstracted information about any evaluative
outcomes of interest, including emergency- and response-related morbidity, mortality,
timeliness, costs, and information about the incident command structure used and how it affected
the regionalized response.

Evaluation Concepts from the Supply Chain Literature

Supply chain management concepts are directly relevant to those elements of a bioterrorism
response that require the purchase, inventorying, distribution, and rapid dispensing of medical
supplies (e.g., antibiotics, vaccines, and equipment) to remotely located users (e.g., hospitals,
pharmacies, and local dispensing sites). A traditional supply chain is the integrated network of
entities involved in all aspects of the manufacture of goods, including the procurement of raw
materials, their assembly into the manufactured product, transportation of the product to
distributors, and distribution to final customers.*’ The bioterrorism response supply chain has
several key components: suppliers of raw materials, manufacturers of goods (e.g., product
manufacturers such as drug and device manufacturers), purchasers (e.g., group purchasing
organizations, wholesalers, mail-order distributors, and federal and local government agencies),
providers who distribute the products (e.g., clinicians, hospitals, pharmacies, integrated delivery
networks, and dispensing sites), customers/payors (e.g., the government, employers, and
individuals), and the transportation systems that connect these components.” The bioterrorism
response supply chain is a particular type of health care supply chain. We direct interested
readers to a recent comprehensive review of the health care supply chain by researchers at the
Wharton School, University of Pennsylvania.*®

Figure 1 presents the key components of the bioterrorism response supply chain. The supply
chain entities labeled in bold (e.g., suppliers, manufacturers, and retailers) refer to the elements
of a traditional supply chain (such as for the manufacture of pharmaceutics for routine health
care delivery). Examples of the components of the bioterrorism response supply chain
corresponding to the traditional supply chain are provided. Although all elements of the supply
chain are essential, during a response to bioterrorism, until all antibiotics and medical supplies
available through local stockpiles and the Strategic National Stockpile have been consumed, the
last three elements of the supply chain—also known as the distribution network—are the most
critical. The establishment and coordination of the distribution network is currently the focus of
considerable planning by local, state, and federal officials.

To determine criteria for evaluating the bioterrorism response supply chain, we sought
descriptions and evaluations of innovations in supply chain management. Evaluations of
traditional (manufacturing) supply chains often include considerations of four logistical issues:
strategic issues, structural issues, functional issues, and implementation issues.”® Briefly,
strategic issues involve determining customers’ needs and the strategies used to meet them. For
example, how should sufficient prophylactic antibiotics be acquired, stored, distributed, and
dispensed to a population exposed to bioterrorism? Structural issues involve determining which
functions need to be performed to achieve a desired level of service and which elements of the
supply chain should perform them.”® For example, how many distribution sites are needed to
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supply an exposed population? Which customers and products will be served from each facility
or antibiotic/vaccine stockpile? How much inventory should be held in each facility?
Functional issues involve determining how various tasks will be carried out (e.g., transportation
carrier selection, fleet management, warehousing, and inventory management).*
Implementation issues involve creating the information systems to support the supply chain, and
installing and maintaining facilities, equipment, and personnel.

Figure 1. The Bioterrorism Response Supply Chain

Suppliers Manufacturers Assemblers Distributors and Retailers Customers
of raw materials (e.g., vaccine and (e.g., Strategic Warehouses (e.g., local (i.e, exposed
pharmaceutical National (e.g., vendor managed dispensing sites population)
manufacturers) Stockpile) inventories and and pharmacies)

local stockpiles)

g

%ﬁ

DI Y
N ispensing
Distthwork

—
Total Supply Chain

et This truck symbol represents elements of the transportation network.

The literature is inconsistent in its use of the terms dispensing and distribution. In general, dispensing refers to the end of the
supply chain when medical supplies are given to patients—it is the terminal component of the distribution network.

From each supply chain case study, we abstracted information about the supply chain
innovation described, and the outcomes of interest. We now describe the five specific concepts
from evaluations of supply chains that are relevant to the bioterrorism response supply chain
about which we abstracted information from each included article: network design, inventory
management, postponement and modularization, supply chain coordination and
management of incentives, and management of information. (We present details of the data
abstracted from the supply chain case studies in Chapter 3 under the section “Synthesis of
Evidence About Regionalization of Supply Chains”.)
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Network design. Network design broadly encompasses decisions about the number and
location of physical elements of a supply chain (e.g., manufacturing plants and dispensing sites),
and relationships between them (e.g., transportation networks). Network design evaluations
typically determine whether the number and location of manufacturing and distribution facilities
are ideal for achieving strategic goals of the supply chain. The outcomes of interest in
evaluations of network designs of traditional supply chains include costs saved, percentage of
customer orders that can be filled immediately, and customer satisfaction. For example, an
evaluation of network design may find that eliminating redundant distribution centers results in
reduced total costs for the supply chain.”®>*

For bioterrorism preparedness, the key elements of network design include the manufacturers
and wholesalers of resources such as antibiotics and vaccines, regional distribution centers,
warehouses, hospitals, pharmacies, and other local dispensing sites, and the transportation
networks among them. For the bioterrorism response supply chain, the network design outcomes
of interest are reductions in morbidity and mortality, and time to provide treatment and
prophylaxis. For example, an evaluation of the network design of the bioterrorism response
supply chain might determine whether local plans for distributing materials from the Strategic
National Stockpile result in reduced response times and reduced bioterrorism-related morbidity
and mortality.

Although many supply chains are designed with the minimal numbers of elements to create
cost efficiencies, for some industries (particularly service industries), redundancies in the supply
chain are essential to making the supply chain robust. This is particularly true for the
bioterrorism response supply chain. For example, eliminating redundant distribution centers
certainly reduces costs, but if that center should be attacked or otherwise incapacitated, the entire
response supply chain could be compromised. Table 8 presents the key evaluation concepts
associated with network designs of traditional (manufacturing) supply chains and bioterrorism
response supply chains.

Inventory management. Evaluations of inventory management address the costs and
benefits associated with maintaining numerous, small local stocks of needed resources, as
opposed to regionalizing these into larger centralized inventories. The outcomes of interest in
evaluations of the inventory management of traditional supply chains include costs of holding
inventories, time to fill customers’ requests, and timeliness and accuracy of inventory
information. In general, evaluations of traditional supply chains demonstrate that the smaller the
number of distribution centers, the lower the costs of holding inventory.>* *> However, some
evaluations have found that, when delivery times are critical, increasing the number of
distribution centers or locally held inventories improves customer satisfaction.* Typically,
minimizing inventories while maintaining the ability to meet customers’ demands requires
accurate and timely information about supplies of raw materials and finished products,
inventories available locally, and customer demands.*® °° %’

The Strategic National Stockpile” (which will be discussed in greater detail in Chapter 3 in
the context of responses to the 2001 anthrax incident) has been developed to regionalize the

“The Strategic National Stockpile maintains 12 Push Packs containing antibiotics, vaccines, and other medical supplies, which
are stored in undisclosed locations around the country for deployment to emergency sites. Once ordered, a Push Pack is designed
to arrive anywhere in the United States in 12 hours. The Strategic National Stockpile also maintains Vendor Managed
Inventories, designed to arrive after the Push Packs (about 36 hours later). These are tailored according to the specific needs of
the requester. The Strategic National Stockpile, formerly under primary CDC control, was previously called the National
Pharmaceutical Stockpile and now operates under the control of the Department of Homeland Security.
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inventories of resources such as antibiotics and vaccines for a bioterrorism response. For the
bioterrorism response supply chain, the outcomes of interest in evaluations of inventory
management are the costs of maintaining and storing inventories (including considerations of
pharmaceuticals’ shelf lives), time to supply the demands of the exposed population, and
timeliness and accuracy of inventory information.

For example, an evaluation of a bioterrorism inventory management strategy might assess
the costs and benefits of maintaining local inventories of antibiotics and vaccines as opposed to
increasing the inventory maintained by the Strategic National Stockpile.

Postponement and modularization. Postponement refers to the concept of customizing a
product late in the supply chain (i.e., closer to customer delivery). Modularization refers to the
use of standard parts that can be used in multiple end products (so that less customization is
required). Evaluations of traditional supply chains have found that product costs and inventories
can often be reduced by delaying the customization of products and designing final products that
can be assembled from common component parts.®*®* For example, different countries’
electrical standards require different plugs on appliances. Thus, electronic equipment
manufactured for use in different countries can be designed with a base unit that carries several
different plugs, allowing the appropriate plug to be attached, depending on the purchaser’s needs.
Designing the supply chain to postpone a part of the manufacturing or assembly process can
reduce the cost of specifically customizing end products for each target market.>®*° Similarly,
automotive manufacturers who design their new models to be built out of shared components
have been able to reduce inventories of parts and increase profits.*

For bioterrorism preparedness, postponement and modularization are relevant for the
efficient distribution and dispensing of antibiotics and other essential medical supplies. For
example, the TOPOFF exercise demonstrated the importance of having pre-packaged antibiotics
in assemblages of materials for use against numerous weapons of mass destruction attacks in the
first hours and days after an attack.”> Push Packs from the Strategic National Stockpile contain
antibiotics, vaccines and other medical supplies necessary to respond to bioterrorism. These
supplies are pre-packed for rapid dispensing. Recipients of the Push Packs dispense only those
items required to combat their particular event. Later, Vendor Managed Inventories (customized
inventories containing outbreak-specific resources), are sent to the dispensing site. The
outcomes of interest in evaluations of the postponement strategies of traditional supply chains
include costs of inventories and time to fill customer requests. Similarly, for the bioterrorism
response supply chain, the outcomes of interest in evaluations of postponement strategies are the
costs of inventories and time to supply the demands of the exposed population.

Supply chain coordination and management of incentives. Evaluations of supply chains
have found that the diverse purchasing, manufacturing, and distribution organizations in a supply
chain often operate independently and may have their own (often competing) objectives.*" 3
Efforts to coordinate the activities of supply chain members may involve better management of
information, inventories, and incentives. Explicit evaluation of the incentives offered to each
member of a supply chain, and efforts to align these incentives, have resulted in significant cost
savings and improvements in customer satisfaction. For example, a cash bonus may be offered
to a supplier who modifies his information system to better integrate with the other members of
the supply chain, thereby improving the overall efficiency of the supply chain.
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For bioterrorism preparedness, incentives might include monetary payments, additional
supplies, additional power to respond to potential bioterrorist events, and for some organizations
(such as the Red Cross) positive media exposure. (The flows of money associated with the
health care supply chain are highly complex. A detailed analysis of these is outside the scope of
this project; we direct interested readers elsewhere. ®)

Management of information. Evaluations of supply chains demonstrate that accurate and
up-to-date information about the level of raw materials, finished products and their locations, and
customer demands are essential to keeping inventories low and supplying customers in a timely
manner.**>? Sophisticated supply chain management information systems—in addition to real-
time tracking of products through the supply chain—include decision support tools that optimize
routing and scheduling and minimize costs of component parts and inventories.*® " In the health
care industry, during the process of ordering goods, clinicians, pharmacists, and other customers
submit purchase requests to a procurement officer who identifies the requested items in a
distributor’s catalog (often paper-based) and submits the order to the group purchasing
organization and to the distributor.*® These orders are communicated to the manufacturer for
shipment. The industry is increasingly adopting a common electronic data platform for the direct
electronic transmission of standard business forms (e.g., purchase orders, shipping notices, and
invoices); however, this protocol is far from universal.*®

For bioterrorism, management of information about the needs of local responders and the
availability of regional inventories is an essential component of a coordinated response.

Table 8. Evaluation Concepts from the Supply Chain Literature and their Relevance to Regionalization of
Bioterrorism Preparedness

Key Concepts and Evaluation Criteria For Traditional Key Concepts and Evaluation Criteria For Bioterrorism
(Manufacturing) Supply Chains Response Supply Chains

Network Design

Entities: Entities:
e  Suppliers and manufacturing plants e Antibiotic and vaccine manufacturers and wholesalers
e Warehouses e Antibiotic/vaccine stockpiles (e.g., Strategic National
e Distribution facilities Stockpile and local inventories)
e  Customers e Hospitals, pharmacies, and local dispensing sites
e Transportation network e Exposed population

e  Transportation network

The Wharton review of the health care supply chain describes some money flows among supply chain members as follows.*®
Products are sold by manufacturers—at prices set by them—to distributors. Distributors sell products to providers, typically at
discounted prices resulting from contracts negotiated by a group purchasing organization. Distributors issue credits or rebates to
the manufacturer for the difference between the list price that it paid for the goods and the discounted price (plus a handling fee)
that it received from the purchaser. In general, the fees paid to distributors for shipping, marketing, and tracking products is about
1-2% of sales. Group purchasing organizations receive contract administration fees from the manufacturer, which typically
amount to 2-3% of the sales contract. Depending on the purchasing organization, these fees are sometimes returned to its
purchaser members. It is estimated that 40-67% of hospital supplies (approximately $25.1 billion) are purchased through
contracts negotiated via national purchasing organizations. The remaining items are purchased via regional and local contracts.
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Key Concepts and Evaluation Criteria For Traditional
(Manufacturing) Supply Chains

Key Concepts and Evaluation Criteria For Bioterrorism
Response Supply Chains

Considerations:
e Determining the number and location of
manufacturing and distribution facilities
e Determining an appropriate distribution network for
finished goods
e [terative improvement of an existing supply chain

Considerations:

e The number and location of stockpiles of necessary
resources such as pharmaceuticals, medical supplies,
and equipment

e Appropriate distribution network for these necessary
resources

¢ |terative improvement of a bioterrorism response supply
chain

Evaluation criteria:
e  Profit

Evaluation criteria:
e Reduction in morbidity, mortality, timeliness of

e  Order fulfilment (percentage of customer requests treatment/prophylaxis
that can be filled immediately from stock on hand) e Cost
Inventory Management
Entities: Entities:

e Inventories of raw materials and finished goods
e Information systems that monitor inventories and
customer demands

¢ Inventories of equipment and drugs
e Information systems that monitor inventories of
needed resources

Considerations:

e The fewer distribution centers that serve a region,
the less product they must stock to provide the
same level of customer service

e Fewer distribution centers can often provide the
same level of service to customers with reduced
total inventory

e Marketing affects demand and subsequent
inventory (e.g., advertisements for products may
enhance demand and require changes in inventory
management)

Considerations:

e Resources required for a bioterrorism response can
be held in regional stockpiles rather than in individual
local communities

e Regionalization of inventories of bioterrorism
resources requires accurate and timely information
about demands for these resources and the
availability of local and regional stockpiles

e Communication of information about a suspected or
actual bioterrorism event may affect the behavior of
the public to seek medical attention

Evaluation criteria:
e Time to fill customers’ demands
e  Costs of inventories
e Timeliness and accuracy of inventory information

Evaluation criteria:
e Time to supply the demands of the exposed
population
e Costs of inventories
e Timeliness and accuracy of inventory information

Postponement and Modularization

Entities:
e Subassemblies (i.e., components of the final
product) and final products

Entities:

e Resources required for treatment and prophylaxis of
bioterrorism-related illness (e.g., prophylactic
antibiotics could be assembled into a variety of
products of distribution including individual packages
containing multiple days of adult or pediatric therapy)

Considerations:

e Products are customized for a specific market late
in the supply chain

e Products are designed in modular parts that can be
used in a variety of end products

e Postponement and modularization can minimize
inventory while still providing a high level of
customer service

Considerations:

e Individualized packets of supplies can be prepared
regionally to reduce the preparation time required at
the local dispensing site to divide up and repackage
the antibiotic arriving in 500+ tablet shipments. (The
Push Packs have pre-packaged antibiotics in 10day
regimens and the Vendor Managed Inventories
provide pre-packed 25-day regimens.)

Evaluation criteria:
e Time to fill customers’ demands
e Costs of inventories

Evaluation criteria:
e Time to supply the demands of the exposed
population
e Costs of inventories
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Key Concepts and Evaluation Criteria For Traditional

(Manufacturing) Supply Chains

Key Concepts and Evaluation Criteria For Bioterrorism
Response Supply Chains

Supply Chain Coordination and Management of Incentives

Entities:
e Partners in the supply chain: suppliers,
manufacturers, distributors, retail outlets

Entities:

e Partners in the supply chain: pharmaceutical
companies, medical supply manufacturers,
pharmacies, transportation companies, clinicians,
hospitals, governmental agencies responsible for the
storage and distribution of antibiotics, vaccines, and
medical supplies

Considerations:

e Coordination of activities of supply chain members
results in lower cost and improved customer
service

e All partners in the supply chain are incentivized to
work toward the same final goal

o Different members of the supply chain have
different financial incentives

Considerations:

e Coordination of activities of all relevant bioterrorism
responders results in quicker response and improved
clinical outcomes

e All relevant bioterrorism responders are incentivized
to work to protect the public health

o Different elements of bioterrorism response (e.g.,
clinicians vs. pharmaceutical manufacturers) have
highly heterogeneous financial and legal
responsibilities

Evaluation Criteria:
e  Profits for the overall supply chain
e  Satisfaction of supply chain partners

Evaluation criteria:
e Speed and effectiveness of response to bioterrorism
events
e Clinical outcomes

Management of Information

Entities:
e Partners in the supply chain: suppliers,
manufacturers, distributors, retail outlets
e All relevant data

Entities:
¢ All relevant bioterrorism response partners
¢ All relevant data

Considerations:

e Accurate information on inventory and parts made
available in a timely manner to plan for resources
required

e Centralized database to manage the data, thus
making all information readily available in one
place

Considerations:
e Accurate and timely information on inventories of
pharmaceuticals, vaccines, medical supplies
e Accurate information on number of infected cases
and exposed individuals, and availability of personnel
and supplies made available in a timely manner to
allow for planning of resources required

Evaluation Criteria:
e Data completeness and accuracy
e Date timeliness (up-to-date)

Evaluation Criteria:
e Data completeness and accuracy
e Date timeliness (up-to-date)

Evaluation Concepts from Government Documents

Because a major component of the response to bioterrorism includes government agencies,
evaluation concepts from the military, emergency response agencies, and other governmental
responders are relevant to considerations of bioterrorism preparedness. In our review of
government documents, in particular those from the military, we found that emergency responses
often benefited from a clear chain of command and from careful review of the lessons learned
from previous related responses. For example, in its report to NASA, the Columbia Accident
Investigation Board described the Navy as having “institutionalized their ‘lessons learned’
approaches to ensure that knowledge gained from both good and bad experiences is maintained
in corporate memory. This has been accomplished by designating a central technical authority
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responsible for establishing and maintaining functional technical requirements as well as
providing an organizational and institutional focus for capturing, documenting and using
operational lessons to improve future designs.”® From each included article, we sought to
abstract information describing lessons learned from each response to bioterrorism-relevant
events. In addition, for each broad category of included articles (responses to the 2001 anthrax
cases, responses to naturally occurring outbreaks, and responses to natural disasters) we
summarize the lessons learned relevant to a regionalized response to bioterrorism.

Simulation Model: Regionalization of Surveillance

Because of the importance of surveillance and the limited evaluative information available in
the literature, we conducted supplemental analyses. These analyses were informed by the results
of our previous review of the literature of syndromic surveillance systems for bioterrorism-
related illness,® and additional information abstracted to specifically consider issues relating to
the regionalization of surveillance.®*”" In disease surveillance systems, surveillance data are
analyzed to determine whether the number of observed cases exceeds a threshold for an expected
number of cases. Locally collected surveillance data can be pooled in several ways to determine
whether this threshold has been crossed (e.g., data from multiple hospitals or regions could be
pooled, or data for several related syndromes could be pooled). Because each method for
pooling surveillance data results in tradeoffs in terms of sensitivity and specificity, we used
simulation to explore the effects of various strategies for regionalizing the analysis of
surveillance data on the system’s detection characteristics. The research questions that we
addressed with this simulation model are an extension of Key Question 4. They are:

1. How does regionalization (i.e. pooling) of surveillance data change the probability of
detecting an outbreak related to bioterrorism? How does it change the probability of false
positives (i.e., false alarms)? Strategies that we considered for analyzing surveillance data
were: analysis of local data alone, analysis of pooled data alone, and analysis of both local
and pooled data.

2. How do the characteristics of the surveillance data (i.e., correlations in data among local
sources) and the disease outbreak (i.e., small as opposed to large outbreaks) effect the
pooling of surveillance data?

To answer these research questions, we simulated syndromic surveillance data for two
regions (e.g., neighboring counties). We briefly describe this model and the assumptions we
used to develop it in Chapter 3 in the section on “Simulation Model Results.” We direct readers
interested in the details of our simulation elsewhere.”® Briefly, for each simulated day, we
calculated an expected number of patients with syndromes of interest. We assumed that the
correlations of disease incidence between the two local sources would be similar to that typically
found in surveillance data. We varied the attack size to represent different sizes of bioterrorism
events. We considered that an attack had been detected if the surveillance data exceed the
thresholds used to distinguish between an expected number of cases and a larger than expected
number of cases.
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Simulation Model: Inventory Management

The literature is insufficient to evaluate another critical area of bioterrorism preparedness
planning and regionalization: inventory management. Thus, we developed a simulation model to
address the costs and benefits of differing strategies for pre-attack stockpiling and post-attack
distribution of necessary pharmaceutical supplies such as antibiotics. Specifically, we developed
a simulation model to evaluate the effects of changes in distribution capacity and policy on
health outcomes following anthrax bioterrorism. The simulation model was informed by the
results of our review of the literature of inhalational anthrax in the United States (these results
are presented in Chapter 3). The research questions that we addressed with this simulation model
are an extension of Key Question 4. They are:

1. What are the costs and benefits associated with maintaining local, limited inventories of
material to be distributed before the arrival of a shipment from the Strategic National
Stockpile? Costs include those of acquiring, maintaining, and storing the inventories; costs
of durable and consumable goods; costs associated with the labor to manage and distribute
the inventories; and costs associated with treatment of victims of an attack and deaths.
Benefits include reduced time to distribute material, lives saved, and access to immediate
prophylaxis by emergency responders.

2. What are the costs and benefits of increasing or decreasing the numbers of Push Packs
maintained by the Strategic National Stockpile?

To answer these questions, we simulated an aerosol exposure to B. anthracis in an urban area
of 5 million people. We briefly describe this model and the assumptions we used to develop it in
Chapter 3. We direct readers interested in the details of our simulation elsewhere.” Briefly, this
simulation model incorporates a model of anthrax disease progression in the exposed population
and includes the effects of prophylaxis and treatment on disease progression and mortality. We
considered scenarios in which the number of people exposed to an anthrax attack was different
from the number of people who request prophylactic antibiotics. We used the simulation model
to assess the outcomes associated with changes in the size of local inventories, as well as
changes in the times required for distribution and dispensing of the Push Packs and regional
Vendor Managed Inventories. We performed extensive sensitivity analysis to validate the output
of the simulation.

Reviews and Revisions of Draft Evidence Report

In October 2003, we sent a draft of the Report to our expert advisors and to additional
reviewers with expertise in bioterrorism/biodefense, public health, supply chain management,
surveillance, disaster epidemiology, disaster logistics, and emergency management (Appendix
A). We solicited comments on all aspects of the Report, using a structured comment form. The
submitted Report incorporates the reviewers’ input.
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Chapter 3. Results

This chapter presents the results of our systematic review and simulations. We reviewed
9542 articles and reports, more than 500 Web sites, and numerous texts recommended by our
expert advisors for potential inclusion in this Evidence Report. Of these, 396 articles, 61
government reports, and 75 Web sites met our inclusion criteria. Most rejected articles did not
report on regionalization of a bioterrorism-relevant response, or did not report an application of
relevant supply chain management concepts (see Alphabetical Listing of Excluded Studies).

The first section of this chapter reviews the 22 included articles and one Web site describing
supply chain management innovations used to inform our evaluation criteria. The second section
reviews the 20 articles, 16 government reports, and 12 Web sites describing the key
infrastructure elements of the organizations that would be primarily responsible for a regional
response to bioterrorism (e.g., local and state health departments; local, state, and federal
emergency management agencies). Subsequent sections synthesize the evidence about
regionalization of responses to the 2001 anthrax bioterrorism (30 articles, 14 government reports,
and 16 Web sites were included), to naturally occurring infectious disease outbreaks (181
articles, ten government reports, and 33 Web sites included), to natural disasters (37 articles, 17
government reports, and 12 Web sites included), for trauma care (74 articles and two government
reports included), and for bioterrorism surveillance (32 articles, two government reports, and one
Web site included). We also provide the results of our two supplemental analyses: simulations
for regionalization of surveillance data analysis and regionalization of inventories for the
treatment of non-communicable bioterrorism-related illness. Finally, the summary synthesis of
evidence about regionalization for bioterrorism preparedness and response section of this chapter
presents our answers to the Key Research Questions.

Synthesis of Evidence about Regionalization of Supply
Chains

We reviewed 316 articles and cases studies reporting innovations intended to improve supply
chain performance; 22 articles and one Web site are relevant to the bioterrorism supply chain and
are included in our report.” Ten of these articles specifically evaluated supply chain innovations.'
The remaining 12 articles described implementations of supply chain modifications, but did not
provide detailed analyses of the effects of these modifications in terms of costs saved, timeliness
of orders filled, or customer satisfaction.* Table 9 presents the lessons learned from the 22
included articles and one Web site which describe 27 supply chain case studies (i.e., several
articles describe more than one supply chain).

“ We had hoped to include case studies of the pharmaceutical supply chain, given its enormous relevance to the bioterrorism
response supply but found none that met our inclusion criteria.

TReferences™ %% 5660

iReferences“a 48, 57, 61, 80-87
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From our review of the traditional (manufacturing) supply chain literature we identified five
practices that are consistently associated with improved outcomes: improved network design,”
careful attention to inventory management,” postponement and modularization
(postponement of product customization and modularization of product components),
supply chain coordination and management of incentives,** *® and appropriate management
of information.®® " 88 \We used these lessons learned to inform our evaluation criteria (see
Chapter 2).

The supply chain for Hewlett-Packard, a company that manufactures and distributes
computers and computer peripherals such as printers, has been subjected to extensive evaluation
(Table 9).®*° Several concepts from the evaluation and redesign of Hewlett-Packard’s supply
chain are relevant to considerations of regionalization of the bioterrorism response supply chain.
For example, Hewlett-Packard adopted a network design that incorporates “design for
localization:” local distribution centers, rather than remotely located factories, customize
products for local countries. This allows factories to hold less inventory and allows demand
uncertainty to be managed at both the local and factory levels. Redesign of Hewlett-Packard’s
European distribution network saved the company $8 million annually.”® This redesign required
careful supply chain coordination and management of the sometimes competing incentives of
the numerous members of the supply chain including manufacturers, distributors, and retailers.*®
Design for localization is a relevant consideration for regionalization of the bioterrorism
response supply chain to the extent that local decisionmakers, who have a greater understanding
of the needs and resources of their communities, could participate with state and national
organizations to acquire, assemble, store, and distribute resources during a bioterrorism response.
Similarly, considerations of supply chain coordination and management of incentives is highly
relevant to the ongoing efforts to facilitate cooperation among the heterogeneous members of the
bioterrorism response supply chain.

Evaluations of the Hewlett-Packard supply chain also illustrate the benefits of postponement
to delay product differentiation. The company sells products in many countries, each of which
has different national languages and electrical circuits. It used postponement strategies to design
its products to include manuals printed in all relevant languages and to include a variety of
electrical plugs that can be attached by customers based on their needs. This obviated the need
for distant factories to pre-assemble multiple combinations of products specific to each country.
The result was a 187% decrease in material handling cost and a 47% reduction in storage
space.>® Postponement is relevant to regionalization of bioterrorism because resources delivered
to local responders during a bioterrorism response will need to be customized for the local
population and suspected bioterrorism agent. For example, as regional planners evaluate
alternative strategies for the packaging of antibiotics for local dispensing, they may want to
consider pre-packaging antibiotics in doses appropriate for both adult and pediatric populations
with labels available in several languages. The regional center could send all components so that
the local site could more easily customize distribution locally (i.e., modularization).
Alternatively, the regional center could pre-pack most of the shipment but delay adding the
labels until the location and bioterrorism threat were known. In this case, the regional center
would add, just prior to shipment, the appropriate labels (e.g., languages needed by the receiving
site, treatment instructions for specific biothreat situation). In advance, the regional center would

50, 58-61

50-54, 56, 58, 80, 82, 83, 86, 87
45, 50, 52, 55, 56, 59

“References
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need to estimate how many of each type of label would be required for each major city in the
country, and have the locale-specific packing lists available.

IBM, another manufacturer of personal computers and servers, has also been the subject of
rigorous supply chain evaluations (Table 9). IBM improved inventory management by pooling
inventories at regional warehouses. By consolidating multiple smaller inventories into larger
regional inventories, IBM significantly reduced its overall inventory stock while maintaining the
same level of customer service.>” Specifically, IBM improved its information management
systems to obtain up-to-date customer demand information from retailers to optimize inventories
for its configure-to-order operations. This resulted in a 50% reduction in inventory levels,
improved customer service, and $20 million in annual savings.>®>® Information and inventory
management are essential components of plans to regionalize inventories of materials and trained
personnel for bioterrorism responses, and for providing decisionmakers with information about
changing supply and demand of resources during a bioterrorism response.’

Lessons Learned from the Supply Chain Literature

From our review of the supply chain literature, we synthesized five key lessons learned.

1. Strategies to improve supply chain network designs, including regionalization of
some elements of the supply chain, can reduce inventories, improve service, and save
money. A number of traditional (manufacturing) supply chains have benefited from
network redesign that balance the needs of local customers with the objectives of the
overall supply chain (which typically include reducing inventories, maintaining high
levels of customer service, and reducing overall costs). Appropriate design of the
bioterrorism response supply chain network that facilitate effective and timely
response to a bioterrorism event needs to balance considerations of adequate
redundancy (to maintain adequate capacity in the event of a large-scale attack) while
reducing excessive costs. The key elements of the bioterrorism response supply chain
currently receiving considerable attention from policymakers are the distribution
networks that dispense the materials from the Strategic National Stockpile.

2. For any given network design, effective inventory management, such as pooling of
inventories at regional warehouses, can reduce levels of held stock, improve service,
and save money. Regionally held inventories of supplies needed for a bioterrorism
response may allow for less inventory to be held overall while still being available to
local regions in a timely manner. This is the philosophy behind the Strategic National
Stockpile. Because, some bioterrorism response supplies have limited shelf lives,
minimizing (and/or rotating) inventory may be important from economic and logistics
perspectives. This is a key consideration for locally held inventories.

3. Postponement of product customization and reliance on component modularization
can reduce supply chain costs while improving manufacturing and delivery times.
Several supply chain case studies demonstrated that redesigning final products to be
assembled from a limited number of common component parts, even if those
component parts are costly, can result in overall cost savings for the supply chain.
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For bioterrorism, “components” include antibiotics and medical supplies packaged in
local and regional inventories, teams of trained personnel available for deployment to
the affected locality, and protocols such as clinical practice guidelines for the
diagnosis and management of populations exposed to a biothreat agent.

Coordination of activities of supply chain members, along with specific consideration
of the incentives of all stakeholders in a supply chain, can improve service, increase
efficiency, and reduce costs. The bioterrorism response supply chain is highly
complex with numerous stakeholders. Specific delineation and alignment of their
(sometimes competing) incentives may benefit programs to coordinate response
efforts.

Timely and accurate information about customer demands facilitates inventory
management and rapid delivery of products. For the bioterrorism response supply
chain, information systems that can accurately characterize the available supply of
goods and personnel and the ongoing needs of the community affected may benefit
the response.

Table 9. Lessons Learned From the Traditional (Manufacturing) Supply Chain Literature

Reference

Company/supply chain under

evaluation Key lessons learned from the supply chain case study

Lee,
Billington®®

Hewlett-Packard (HP) The authors describe evaluations of several changes in the

manufactures and distributes HP supply chain network design including “design for

computers and computer localization” which requires that local distribution centers

peripherals such as printers. customize products for local countries, rather than relying on
a distant factory to perform this step. This allows factories to
reduce total inventory and allows demand uncertainty to be
managed both at the local and factory levels. The authors
describe the strategy of postponement of product
customization. This allows the greatest possible flexibility to
respond to changing customer demands. These supply chain
initiatives enabled HP to reduce inventory levels by 10-30%;
redesign of HP’s European distribution network saved the
company $8 million annually; product postponement saved
the company money and improved service. Supply chain
management strategies such as “design for localization” and
postponement increased order fulfillment (the percentage of
customer orders that can be filled immediately) and
contributed to the company’s profits directly (by decreasing
inventories) and indirectly (by increasing customer
satisfaction).

Ernst,
Kamrad®

Hewlett-Packard HP adopted postponement and modularization principles in
its production of the company’s popular DeskJet printers,
allowing different models to share manuals, software and
accessories. The result was a 187% decrease in material
handling cost and a 47% reduction in storage space.
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Reference

Company/supply chain under
evaluation

Key lessons learned from the supply chain case study

Lin, et al.>®

IBM manufactures personal
computers (PCs) and servers.

Changes in IBM’s supply chain network design, including
reductions in the number of assembly facilities, resulted in a
6% improvement in customer service and a 5% reduction in
inventories. Postponement of computer customization cut
costs by 12% while improving service. Improved inventory
management (specifically, pooling of inventories at regional
warehouses) resulted in a 50% reduction in inventory levels,
while maintaining the same level of customer service. IBM’s
supply chain redesign resulted in $650 million in annual
savings.

Nahmias™®

IBM

IBM optimized inventory management in its supply chain.
This resulted in improved service and $20 million in annual
savings.

Cheng, et
aly’ ’

IBM

IBM used information management and inventory
management to cut costs. IBM used customer demand
information from retailers to optimize inventories for its
configure-to-order operations. 1BM employed risk pooling
strategies to significantly reduce inventories: when inventories
are consolidated, less inventory can be held while still
providing the same level of customer service.

Arntzen, et
al.%

Digital Equipment
Corporation (DEC)
manufactures computers.

DEC optimized its supply chain network design. By reducing
the number of manufacturing plants from 33 to 12 and service
facilities from 34 to 17, DEC saved $300 million in operating
costs, $80 million in service facility costs, and $70 million in
inventory costs.

Davis*

General Electric (GE)
Transportation Systems
manufactures railway
locomotives and motors for
other off-highway vehicles.

GE examined its supply chain network design. Network
redesign resulted in fewer purchasing entities. Remaining
entities achieved improved coordination, resulting in an
estimated total savings to GE of $4 million.

Mohammed,
Hammond®®

Polaroid manufactures a variety
of instant photographic
products.

Polaroid examined its supply chain network design. Polaroid
changed its European distribution system from 12 local
warehouses to a single centralized inventory location.
Operating costs were reduced by $5 million annually (due to
inventory pooling and reduced warehouse operation costs)
and customer service improved. However, local managers
required incentives to move to a regional warehousing
system.

Graves,
Willems®®

Eastman Kodak manufactures
cameras and camera
accessories.

Kodak examined its supply chain network design and
inventory management in its warehouses. Regionalization
of warehouses for safety stock (inventories of component
parts) for their high-end digital camera division minimized
inventories by as much as 30% and improved delivery times.
(The authors describe a free software and optimization
algorithm for the placement of strategic inventories they
applied to the Eastman Kodak supply chain [available at:
http://web.mit.edu/lfmrg3/wwwi/]. %)
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Reference

Company/supply chain under
evaluation

Key lessons learned from the supply chain case study

Sery, et al.®

BASF Group manufactures a
range of chemicals and
chemical related products.

After examining its supply chain network design, BASF
regionalized its distribution network, moving from 86
distribution centers to 12 centers. As a result, service
improved and costs decreased. Cost savings were about 6%
of original transportation, facility and inventory costs. Some
savings came from improved network design; other savings
resulted from improvements in inventory management.

Karabakal, et
al.®

Volkswagen (VW) of America
imports and distributes
Volkswagen and Audi vehicles
in the United States.

VW of America examined its supply chain network design.
The company increased its distribution centers from 5 to 12.
This resulted in improved service and reduced costs for
dealers in the Midwest region of the United States. However,
the 12 distribution centers could not maintain sufficient
inventory of certain very popular models to remain financially
viable.

Ernst & Suzuki is an automotive Modularization of new car design, so that cars share as

Kamrad® manufacturer. much as 70% of their parts with other models, allowed Suzuki
to minimize inventory levels of component parts.

Brown, et Xilinx manufactures Postponement of product customization helped Xilinx reduce

al.% semiconductors. its inventory by 23%.

Maniscalco &

EMS Incident Management

IMS is partly a system for inventory management. Push-

Christen® System (IMS) provides packs (inventories) of emergency supplies can be regionally
logistical support and command  stored for rapid response following an emergency that
and control for emergency requires a major EMS response.
medicine professionals.

Burns® OmniCell.com manufactures OmniCell.com has a web-based procurement platform (called
“smart cabinets” that automate OmniBuyer) for inventory management and management
the dispensing of medical of information. OmniBuyer offers a customized multisupplier
supplies and pharmaceuticals. catalogue that automates the approval and workflow process.
These cabinets require users to  This purchasing program links to all automated supply
enter a code before removing cabinets so that suppliers can automatically replenish
supplies and the product depleted stocks. Users of OmniBuyer report savings in
facilitates tracking of supplies personnel costs, inventory costs, and greater compliance with
and provides information used negotiated purchasing contracts. However, the system is not
automated reordering of widely used throughout the health care supply chain, and
supplies. even in facilities where it is used, it is not universally used in

all departments. Many users remove items without pressing
the buttons required for the inventory management system to
log the transaction.

Hahn, etal.®  Hyundai Motor Company is an Supply chain coordination led to improved customer service
international car manufacturer (cars were delivered to dealerships more quickly).
based in South Korea. Improvement in customer service not quantified by the

authors.

Thonemann, An unnamed major automobile  The auto manufacturer incorporated modularization into the

Brandeau®! manufacturer. design of automobile components. The company found that

designing products using common components, even if those
components are more expensive than customized
components, can save money. An appropriate balance must
be struck between no commonality and full commonality.

Ernst & Magnero-Marelli is an The company streamlined and reorganized its French

Kamrad®® international automotive manufacturing facilities, resulting in simplified material flow

component manufacturer.

and minimized inventories. Specific savings from inventory
reduction not reported by the authors.

“Volkswagen was able to reduce costs and improve customer service by increasing the number of its distribution centers, but
several other companies found that decreasing the number of distribution centers achieved the same result. Each supply chain is
unique, so the appropriate number of entities in each level of the supply chain (e.g., suppliers, manufacturers, warehouses,
distribution centers) depends on the nature of the particular supply chain.
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Company/supply chain under

Reference . Key lessons learned from the supply chain case study
evaluation

Rao, et al.® Caterpillar, Inc. manufactures Managers at Caterpillar, Inc. developed a system to design a
construction and mining rapid-response supply chain and to determine the most cost-
equipment, diesel and natural effective level of regionalization. This modeling system
gas engines, and industrial gas recommended modifications in supply chain network design,
turbines. that resulted in cost savings for Caterpillar, Inc. Dollar amount

of cost savings not reported by the authors.

Nahmias™® Dell Computer manufactures Dell Computer was able to dominate the PC market through
made-to-order personal innovations in inventory management and supply chain
computers (PCs). network design. For example, Dell builds every computer to

order, allowing the company to hold no finished products as
stock, limiting inventory to component parts.

Hoyt, Lee®™ Lucent Technologies provides  Lucent examined its supply chain network design.

networking systems and
software to local and long
distance telephone companies
and cable companies.

Redesign of its network resulted in reduced costs and
improved customer service. Cost savings and improvements
in customer service not quantified by the authors.

Chen, et al.®

Instill Corporation provides
electronic commerce and
information services to the
foodservice industry.

Instill Corp. created and marketed products to assist in the
implementation of Efficient Foodservice Response (EFR),

resulting in more efficient information management and

product flows in the food service industry.

Ernst, Texas Instruments Texas Instruments employs postponement to enhance its
Kamrad®® manufactures electronic capacity to manufacture distinct 9products, giving Texas
equipment. Instruments “a strategic edge”. * Benefit to Texas
Instruments not otherwise quantified by the authors.
Takeda, 7-11, York Mart and Yokado For timely and coordinated distribution of perishable products,
Matsuo® retail perishable goods such as Japanese companies rely on real-time management of
fresh-baked bread, morning- information, hourly logistics coordination, and coordination
harvested vegetables and sushi  between members of the supply chain.
in Japan.
Nahmias>® Wal-Mart is an international Wal-Mart was able to dominate the competitive discount
discount retailer. market largely through its supply chain network design and
through effective management of information. For example,
Wal-Mart invested in information technologies that link cash
registers in retail stores directly to company headquarters,
keeping inventory records and demand forecasts as accurate
as possible. Wal-Mart also invests heavily in distribution
centers in order to keep stores supplied in a timely fashion.
Lockamy, et ~ 3M manufactures over 60,000 3M examined its supply chain network design and its
al.® products marketed worldwide. processes for management of information. Redesign of
3M'’s distribution system and the introduction of electronic
data interchange led to improved service and reduced costs.
Ghemawat, Zara, a Spanish clothing retail Zara remained competitive with its supply chain network
Nueno® chain, produces and distributes  design, specifically its supplier and distribution network. The

fashion items.

company maintains a single distribution center and no
warehouses, allowing inventory levels to remain low and
eliminating the “bullwhip” effect (wildly fluctuating order sizes
placed to suppliers caused by inadequate logistics information
and improper resupply procedures at intermediate-level
distribution facilities). A carefully configured network of
suppliers and internal manufacturers also contributes to the
company'’s ability to respond quickly to demands from
individual stores.
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Existing Infrastructure for Local and Regional Responses to
Bioterrorism

From each of the included articles we abstracted information about organizations that could
contribute to a bioterrorism response. The evidence about the systems is drawn from focused
searches about each included organization and from descriptions of each organization’s
participation in the responses to the 2001 anthrax attack, naturally occurring outbreaks, and
natural disasters. In the following sections we present information from 20 articles,” 16
government reports,” and 12 Web sites* on systems with existing infrastructures that would likely
contribute to a bioterrorism response. We present the information that we abstracted from these
articles about the tasks of local responders and the resources they required during responses to
bioterrorism-relevant events in the “Summary Synthesis of Evidence about Regionalization for
Bioterrorism Preparedness and Response” section of this chapter (answers to Key Questions 1
and 2).

A comprehensive review of all of the local, state, and federal agencies relevant to a
bioterrorism response is outside the scope of this project. For discussion of each of the national
response agencies, we direct interested readers to reviews of the Federal Response Plan.'%® "
137.138 For a review of bioterrorism preparedness drills, we direct interested readers to the
systematic review by the Johns Hopkins Evidence-based Practice Center (one of many projects
to enhance bioterrorism preparedness sponsored by AHRQ).*** AHRQ sponsors a portfolio of
bioterrorism preparedness research including evaluations of bioterrorism response technologies,
pharmaceutical and vaccine distribution plans, clinician training initiatives, and assessments of
preparedness drills and exercises.**® Because several key organizations with existing
infrastructures would perform essential roles during a regional bioterrorism response, we sought
to identify these systems and synthesize the evidence evaluating their responses to bioterrorism-
relevant events. In this section, we briefly describe these organizations, their regional
infrastructures, and how their regional infrastructures affect regional responses for bioterrorism.
Throughout the rest of this Report we will discuss the role of these and other organizations in
response to specific outbreaks and disasters. This section addresses Key Question 3.

Summary of the Evidence of Existing Infrastructure for Local and
Regional Responses to Bioterrorism

Numerous existing systems could play a key role during a bioterrorism response. These
systems can be broadly categorized in two ways: by the level at which they primarily operate
(e.g., local as opposed to regional) and by the type of response tasks they perform (e.g., systems
to protect the public health, to increase hospital capacity, to increase the number of trained and
equipped response teams, and to provide inventories of pharmaceutical and medical supplies).

The term “regionalization” has been used describe two phenomena—to describe the process
of breaking down a centralized system into component regions and to describe the inverse
process of collecting local systems into an overarching region. For the purposes of this Report,
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we define a local response to bioterrorism as occurring under the jurisdiction of the local public
health officer. However, we recognize that many relevant local responders and response
organizations (such as clinicians, first responders, hospitals, and emergency management
professionals) may not organize themselves in relationship to the local public health jurisdiction.
Thus, if an included article defined a local response in another way, we supply the authors’
definition in our description of the evidence.

Regional responses fall into three broad categories: sub-state, multi-state, and federal. Most
states utilize sub-state regions (often drawn according to county lines) for disaster planning. For
example, in California these regions are an integral organizational element of the state’s mutual
aid agreements. (Mutual aid agreements are described in further detail in the section on
“Synthesis of Evidence About Regionalization of Emergency Trauma Care”.) Multi-state
regions are typically defined by one or more federal agencies. For example, there are ten Federal
Emergency Management Agency (FEMA) regions, each made up of between four and eight
states (described in greater detail below). These same regional designations are also used by
other federal agencies, such as the Health Resources and Services Administration (HRSA)" and
the Department of Health and Human Services (HHS). Other federal agencies divide multi-state
regions differently: the Department of Veterans Affairs (VA) and the Indian Health Service
distribute medical care according to unique geographical designations.

Infrastructure of U.S. Public Health System

The mission of the U.S. Public Health system is “to promote physical and mental health and
prevent disease, injury, and disability.”**> During a bioterrorism event, public health officials
have numerous responsibilities, including outbreak investigation; laboratory testing; provision of
treatment and infection control guidelines to clinicians; development and implementation of
plans for mass prophylaxis, treatment, isolation and quarantine; assessment of hospital/clinical
resources; and communication with the public via the media. The organization and legal
mandates of public health departments vary significantly across the United States. We briefly
review the effects of these differences on chain of command, outbreak investigation, and the
institution of epidemiologic control measures such as quarantine during a bioterrorism response.
In subsequent sections, we review additional specific CDC programs such as the Laboratory
Response Network, Strategic National Stockpile, and Epidemic Intelligence Service. We direct
interested readers elsewhere for comprehensive reviews of the public health system.'*?

Regionalization of Public Health Departments. Generally, eastern states such as New
York, Connecticut, and Massachusetts with their large urban areas, define the local public health
official jurisdiction by municipal boundaries. In contrast, western states typically define the
local public health jurisdiction at the county level.*** Overall, 60% of the nation’s local public

"HRSA administers more than $500 million in grants that are awarded to states for programs to enhance bioterrorism
preparedness, principally invested in hospital preparedness and bioterrorism preparedness training and curriculum
development.**! The CDC also has grant programs in bioterrorism preparedness training and curriculum development. State
officials responsible for bioterrorism preparedness planning often treat these grants and these granting regions separately, as they
have historically been separate grants (this will change in 2004).
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health departments are defined by county boundaries,” 25% are defined by municipal boundaries
(e.g., New York City), 7% are defined by overlapping city-county boundaries (e.g., San
Francisco city/county), and 8% serve several counties/districts (e.g., Texas).'*®

Local public health departments also differ according to whether public health services are
provided within the context of a larger health department that provides other health services
(e.g., direct patient services such as operating hospitals) and by the degree of autonomy given to
the local departments. Centralized systems, such as those in Arkansas and Florida, retain a large
degree of control at the state health department.® In contrast, decentralized systems such as
those in Arizona and Colorado, direct authority to the city or county health department.’® Some
state health departments offer a “hybrid” approach—centrally coordinating some services while
allowing local departments broad latitude in the provision of other services.!®® In several states,
local health departments are grouped by the state departments of public health into regions (often
with the borders of these regions drawn along county lines) with leadership provided by regional
health directors and/or regional headquarters. Texas and Alabama are examples of this kind of
regionalization (Figure 2).

These differences in organizational infrastructure are likely to affect bioterrorism
preparedness and response planning in three ways. First, to the extent that neighboring states
have public health departments with different organizational structures, and thus different chains
of command, identification of key public health decisionmakers with whom to coordinate
response planning may be complex. Second, numerous Federal Response planning efforts (such
as the Strategic National Stockpile) are managed through state health departments that are given
responsibility for planning the distribution and dispensing of the Stockpile (and, often, associated
funds and other resources), which they then pass on to local health officials. The local
implementation of these federal programs will differ depending on the organizational
relationships between state and local health departments. Third, because a bioterrorism response
requires cooperation among public health officials and other first responders, coordination of
these services may be complex if one group of first responders (e.qg., fire/police) is organized at
the municipal level whereas public health personnel are organized at the county level.’

“For example, in California most local public health offices are associated with counties. The state has 58 counties, 55 county
public health departments, three city-county health departments (San Francisco, Napa and Siskiyou), and four city health
departments (Berkeley, Long Beach, Pasadena, and Vernon).***

"The fragmentation between state and local jurisdictions also has implications for the integration of preparedness activities. For
example, in states where multiple local jurisdictions have independent authority the state agency may have difficulties in assuring
the same level of preparedness and coordination in all local jurisdictions.
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Figure 2. Regionalization of Public Health Departments in Texas and Alabama
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These maps are publicly available. *****

Public Health Legislation Affecting Bioterrorism Planning and Responses. A
comprehensive review of the heterogeneous municipal, state, and federal legislation that directly
affects the decision making responsibilities of public health officials, clinicians, and emergency
management officials during a bioterrorism event is outside the scope of this Report. Moreover,
many relevant laws are currently under revision following the recent national attention to the
tradeoffs between personal privacy, civil liberties, and national security. For reviews of the
salient legal issues, we refer interested readers elsewhere.? %

In our brief review of the laws affecting key public health and clinical decisionmakers, we
found two issues that may affect regionalization during a bioterrorism response. First, for some
highly controversial policies such as quarantine, the legal authority to implement the policy may
be inadequate for its practical implementation and enforcement.” % For example, in many
states the legal authority to institute a quarantine lies with the local health officer (and if local
and/or state laws are inadequate for implementation of necessary quarantine or isolation, local

“In his article on the legal issues raised by the 1999 West Nile Virus outbreak, attorney Wilfredo Lopez of the New York City
Department of Public Health wrote: “In modern society, public health initiatives, no matter how justified and necessary, are
likely to be scrutinized and challenged, both in the media and in the courts. The proliferation of federal, state, and local agencies
since the 1960s, and the laws and regulations that go along with them, means that there is much more jurisdictional overlap
among governmental entities than ever before. Perhaps the most fundamental lesson of the W[est] N[ile] V[irus] experience is
the reaffirmation of the fact that today’s public health practitioner cannot implement public health policy and interventions
without sound legal advice that is cognizant of not only the nuances of traditional public health law but also of the law that
governs kindred agencies. In effect, public health law is broader and more complicated than in the past.”*
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public health officials may apply relevant federal laws).** **° In the event that local control is
deemed inadequate, CDC’s domestic quarantine regulations provide that CDC may institute
appropriate quarantine or isolation."*® However, implementation of such authority during a
bioterrorism event requires enforcement cooperation from police, elected officials, and other
responders. In some jurisdictions, the relevant statutes do not obligate these responders to
enforce quarantine decisions. Thus, the implementation of public health laws requires
coordination with the laws governing related response organizations and personnel.

The second legal issue is that clinicians who are employed by a hospital are required to report
to that hospital during a disaster or bioterrorism event. (However, even if clinicians do not report
for work—as some have refused to do during responses to naturally occurring infectious disease
outbreaks—it is not clear what repercussions they should expect.) For clinicians employed by
more than one hospital, or who are members of more than one response unit (e.g., clinicians who
are members of both their local Disaster Medical Assistance Team and the Army National
Guard), it may be unclear where their primary obligation for service resides. This raises the
related conflict of double counting—when, for purposes of preparedness planning, each of these
organizations counts the same individual as part of its team during a bioterrorism response.

The National Disaster Medical System

Background. The National Disaster Medical System is a federally coordinated program
whose primary purpose is to provide medical and mental health assistance in the event of mass
casualties, when local capabilities are overwhelmed.** % 28 The National Disaster Medical
System program falls under the auspices of the Department of Homeland Security and is co-
managed by four federal agencies: HHS, VA, DoD, and FEMA. The three primary roles of the
National Disaster Medical System are: to provide a rapid medical response through Disaster
Management Assistance Teams, to evacuate patients through the military Aeromedical
Evacuation System, and to provide hospital care to evacuated patients.* * We describe Disaster
Medical Assistance Teams in more detail in the next section. The Aeromedical Evacuation
System, operated by the DoD, has a “specialized airlift mission supporting patient movement on
any mobility airlift platform” to safely transport patients to a hospital for definitive care.***
Hospital participation in the National Disaster Medical System is voluntary; however, hospitals
that participate during a mass casualty event are reimbursed by the federal government. The
resources available to the National Disaster Medical System are coordinated by 64 centers
around the country.** The National Disaster Medical System program also supports Disaster
Mortuary Teams to assist with mortuary needs, Veterinary Medical Assistance Teams to
administer care to animal victims of disasters, and National Medical Response Teams who
receive special training and equipment to respond to weapons of mass destruction terrorist
attacks—although this training has traditionally emphasized hazardous materials/chemical
weapons preparedness.”

Regionalization of the National Disaster Medical System. The National Disaster Medical
System is managed federally with coordination of available resources provided by 64 centers
around the country. The ability of the National Disaster Medical System to respond to local

*Referencesgll, 97, 98, 128, 145
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events is based in large part on two factors: a robust communication system, and voluntary
participation of hospitals and individual members of the various response teams. The National
Disaster Medical System relies on a communication system that tracks available resources,
facilitates the timely deployment of National Disaster Medical System teams, and coordinates
ongoing resource demands and availability. The National Disaster Medical System has typically
responded to isolated mass casualty incidents (although in 1999 it did respond to four different
disasters concurrently).** Thus, the ability of the National Disaster Medical System to
coordinate a response to a bioterrorism event that spans several geographic regions remains
largely untested.

Disaster Medical Assistance Teams

Background. Disaster Medical Assistance Teams are voluntary specialty teams designed to
provide medical care to victims during a mass casualty incident when local medical resources
have been overwhelmed.” Teams are organized and sponsored locally, and team members
operate on a volunteer basis during training exercises and planning meetings. Local sponsors
may provide considerable financial support to their Disaster Medical Assistance Teams, since the
federal stipend for team organization is minimal.”® Other team members provide their own funds
for training and equipment (often these teams are incorporated as non-profit organizations to aid
in fundraising).” Teams typically have about 35 members and include physicians, nurses,
emergency medical personnel, and logisticians, among others.’® Disaster Medical Assistance
Teams are designated Level I, Il or 111 depending on their capabilities and experience. To receive
a Level | designation, a team must be self-sufficient for up to three days (provide food, water,
energy, and other basic services to team members and patients in the event that local services are
temporarily disabled by the disaster) and have between three and five people that can serve each
Disaster Medical Assistance Team role (e.g., surgeon, logistician, etc.). Level Il teams are not
required to be self-sufficient, and are required to have two people for each team role. Level 111
teams are still in the developmental phase and may be deployed to assist a Level I or I1 team.*
Teams may also have a specialty designation: currently, the program supports trauma, mental
health, burn, pediatric, and weapons of mass destruction specialty teams. Disaster Medical
Assistance Teams can be mobilized to provide support anywhere in the United States. When
teams are mobilized, their members are paid as Federal employees, and their licenses and
certifications are recognized by all the states during the activation period.

Regionalization of Disaster Medical Assistance Teams. Disaster Medical Assistance
Teams are staffed, organized, and managed at a local level and deployed regionally. Disaster
Medical Assistance Teams differ widely in terms of number of volunteers, types of expertise of
the volunteers, level of experience of the volunteers under emergency circumstances, and
equipment and supplies. Because members are volunteers, they can require as little as 24 to 72
hours to be ready for deployment, although times were much longer for some responses when the
program was new.” This lag in time to deployment could significantly affect the utility of a
Disaster Medical Assistance Teams during a bioterrorism response. (In some cases, Disaster
Medical Assistance Teams have arrived at the scene of a disaster as many as five days after the

*Referencesgll, 99-106, 129-132, 145
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disaster struck and for this reason have not been considered to be a completely reliable resource
by some disaster planners.)*®*

The Metropolitan Medical Response System

Background. In the event of a large-scale bioterrorism event, it may take considerable time
for regional responders to arrive. During this initial response period, local responders will be
primarily responsible for the management of the response. Recognizing the need to enhance the
capacity of local responders, the Metropolitan Medical Response System” was designed in 1996
as part of a coordinated national response to bioterrorism, providing preparedness plans and
funds to purchase the equipment and supplies specifically required for bioterrorism preparedness
and response.'** Public Law 104-201 provided funding through HHS for 125 local emergency
medical systems of the Metropolitan Medical Response System in selected cities in the United
States (Figure 3).*° The Metropolitan Medical Response System, now under the auspices of the
Department of Homeland Security, provides funding to U.S. cities to create and enhance local
capacity to respond to a covert release of chemical, biological, radiological, nuclear, and
explosive weapons. In exchange for initial funds' to purchase medical equipment,
pharmaceuticals, and supplies, the Metropolitan Medical Response System program requires
detailed plans from participating cities regarding preparedness for chemical and biological
attacks.'®” 1% 12 For a more detailed review of the Metropolitan Medical Response System,
which is presently under expansion, and for an evaluation of the system, we direct interested
readers elsewhere.* '**

Regionalization of the Metropolitan Medical Response System. The Metropolitan
Medical Response System is a local program designed to enhance the preparedness of
municipalities; however, a large-scale bioterrorism event may necessitate regional coordination
of efforts among municipalities. A lack of regional planning by Metropolitan Medical Response
System members may complicate a bioterrorism response. For example, individual cities each
write their own preparedness plans and there is no formal mechanism for exchange of
information between Metropolitan Medical Response System cities during the preparation phase
or during a response. Thus, cities may not have the capacity to readily determine the needs or the
capacity of their neighbors. Also, most Metropolitan Medical Response System plans involve
participation from numerous organizations, such as local public health departments, hospitals,
and emergency personnel, which tend to have different organizational infrastructures across
cities. A coordinated response among cities may be complicated by these organizational
differences. Cities responding to bioterrorism also must work with the National Disaster
Medical System to organize the evacuation of patients and the deployment of Disaster Medical
Assistance Teams (and other response teams). Thus, an efficient bioterrorism response will
require coordination of services between affected Metropolitan Medical Response System cities

“The Metropolitan Medical Response System evolved from the Metropolitan Medical Strike Teams that were originally trained to
enhance local capacity to respond to mass casualty events (primarily hazardous materials/chemical weapons attacks) in large
metropolitan areas in the United States.

TSubsequent funding was not provided until 2003, meaning that the original cities had to rely exclusively on local funding
sources for three years.
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and non-Metropolitan Medical Response System cities, other federal programs (such as National
Disaster Medical System, Medical Reserve Corps, Public Health Service’s Commissioned Corps
Readiness Force, the National Guard’s weapons of mass destruction Civil Support Teams), and
other regional response providers.”

Figure 3. The Metropolitan Medical Response System
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The Department of Homeland Security

Background. The Department of Homeland Security was established by Congress under the
Department of Homeland Security Act of 2002,"** to integrate and coordinate the leadership,
assets, personnel, and functions of the numerous federal agencies involved in all aspects of
homeland security, including bioterrorism preparedness and response.****® The establishment
of Department of Homeland Security required an enormous reorganization of the federal
government, including the transfer of several programs in their entirety (e.g., U.S. Coast Guard,
FEMA, U.S. Secret Service, and Metropolitan Medical Response System) and the selective
transfer of key defense programs from other departments (e.g., from HHS the Office of
Emergency Preparedness and the Strategic National Stockpile).”** Ongoing efforts by these
agencies (such as the use of surveillance technologies to monitor cargoes coming into the United
States for weapons of mass destruction) represent promising initiatives in preventions efforts
against bioterrorism. The Department of Homeland Security is organized into four main
directorates: Border and Transportation Security, Emergency Preparedness and Response,
Science and Technology, and Information Analysis and Infrastructure Protection. The role of the

“Some cities in FEMA region IX, such as San Jose, California, serve as a model for coordination between the Metropolitan
Medical Response System and other regional responders known as the Metropolitan Medical Task Force.
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Emergency Preparedness and Response directorate is to “oversee domestic disaster preparedness
training and coordinate government disaster response.”** This directorate coordinates efforts of
FEMA, the Strategic National Stockpile, National Disaster Medical System, the Nuclear Incident
Response Team (DOE), and the Domestic Emergency Support Teams (DOJ).

FEMA, the agency responsible for coordinating federal responses to disasters, created the
Federal Response Plan,” which identifies the essential emergency response functions of the 27
participating federal departments and agencies, and the American Red Cross.**” The 12 essential
emergency response functions include communications, medical services, and search and
rescue.’*” FEMA does not have its own response materials or equipment but does have
emergency response professionals who advise and coordinate the requesters and providers of
disaster relief. FEMA has coordinated successful regional relief efforts to hurricanes,
earthquakes, tornadoes and volcanic eruptions; specific responses are described in the section on
“Synthesis of Evidence About Regionalization of Emergency Trauma Care”. FEMA has four
main responsibilities for disaster preparedness: preparedness, response, recovery, and
mitigation.*” Since the September 11™ attack, FEMA has been designated as the lead agency for
incident management.**®

Figure 4. Regions as Definined by FEMA, HHS, HRSA, and Others
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Regionalization of the Department of Homeland Security. At the time of writing this
Report, the organization of Department of Homeland Security is underway. Once this
reorganization is completed, it is expected that Department of Homeland Security will have a
significant role to play in a regionalized response to bioterrorism. Currently, Department of

“The Federal Response Plan will soon be replaced by the National Response Plan which will utilize the National Incident
Management System.
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Homeland Security has adopted a regional structure previously used by FEMA, HHS, and HRSA
(Figure 4 depicts the ten organizational regions). For bioterrorism preparedness, Department of
Homeland Security responsibilities include working with local preparedness planners to develop
strategies to receive and distribute the Strategic National Stockpile (this effort is primarily
directed through state coordinators rather than the ten regions). Because the reorganization of
programs into Department of Homeland Security is ongoing, there is no published evidence
regarding the effects of the developing regional infrastructure on a regional bioterrorism
response.

Department of Veterans Affairs

Background. The Department of Veterans Affairs (VA) has more than 1100 health care
facilities across the country and maintains four mobile clinics that have been deployed in natural
disasters. Under the Federal Response Plan, the VA is held responsible for “backup medical
support for military personnel in wartime and the general public during natural, manmade, or
technological emergencies.”**’ In addition, the VA Emergency Management Strategic
Healthcare Group plans and coordinates five other emergency management functions: 1)
development of VA hospital emergency plans for disasters and coordinated mutual aid
agreements for patient transfers, 2) backup of the military health care systems, principally
through the 69 VA medical centers designated as primary receiving centers for DoD casualties,
3) joint administration duties of the National Disaster Medical System, 4) participation in the
Federal Radiological Emergency Response Plan to respond to accidents at nuclear power plants
and acts of terrorism, including training and support of the Medical Emergency Radiological
Response Team (which consists of physicians and nuclear physicists), and 5) activities to support
the continuity of federal government functions during a national emergency.”® As Kenneth Kizer
described in his report on the VA’s role in federal emergency management, “A number of VA
facilities are well equipped to handle decontamination and patient staging, and these capabilities
could be expanded to additional VA medical centers. Enhancing and maintaining this capability
at VA hospitals may well be easier, in many cases, than it would be in the private sector where
managed care, market forces, and the effects of the Balanced Budget Agreement may make it
impossible to sustain support for disaster contingency efforts over time.”®

Regionalization of the VA Healthcare system. The VA is divided into 23 Veterans
Integrated Service Networks across the county (Figure 5). Each Veterans Integrated Service
Network includes certain states in its network and provides care to veterans in the regions it
covers. Since each Network covers distinct geographic areas, the relationships of Veterans
Integrated Service Networks with the local and state health departments in their areas may differ.
The effectiveness of the VA in providing medical support during a bioterrorism event will likely
depend on these types of relationships.
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Figure 5. The 23 VA Veterans Integrated Service Networks
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Bioterrorism Preparedness Programs Sponsored by the Department
of Defense

The DoD has sponsored several programs that translate its military expertise in preparedness
and response to bioterrorism for civilian use. We direct interested readers to a recent evaluation
by the U.S. General Office of Accounting of federally sponsored information technologies that
could be used during a bioterrorism response (including several sponsored at least in part by the
DoD).*?® This section briefly describes two military programs that would likely play a key role
during a regionalized civilian response.

National Guard. During a bioterrorism event or other disaster, governors can mobilize the
Army and Air National Guards of their state. Often these guardsmen and women provide
security, medical treatment, debris clearing, transportation, shelter construction, and other
services.**®*8 Under mutual aid agreements (described in greater detail in the “Synthesis of
Evidence About Regionalization of Emergency Trauma Care” section), governors can also direct
the use of their state National Guard units in a neighboring state. If the magnitude of the disaster
has exceeded the capacity of local responders and state’s National Guard, the governor can
request federal assistance from the President of the United States.**® Depending on the type of
support required, FEMA, as coordinator of all federal assistance through the Federal Response
Plan, may send active U.S. military forces to provide disaster relief.

Emergency response decisionmakers (such as the head of each state’s National Guard and
governor) differ with respect to the role that they envision for the National Guard during a
bioterrorism response. For example, the DoD has developed National Guard Weapons of Mass
Destruction Civil Support Teams  to “assist local and state authorities in assessing the situation
surrounding a weapons of mass destruction emergency; advise these authorities regarding
appropriate actions; and facilitate requests for assistance to expedite the arrival of additional state

“National Guard Weapons of Mass Destruction Civil Support teams were formerly known as Rapid Assessment and Initial
Detection (RAID) teams.
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and federal military assets.”**" The 1999 GAO Report on the use of National Guard response
teams noted that whereas some states have integrated Weapons of Mass Destruction Civil
Support Teams into their statewide preparedness plans, “the Federal Bureau of Investigation and
the Federal Emergency Management Agency do not see a role for the [Weapons of Mass
Destruction Civil Support Teams] in the federal response.”?! There have also been concerns
that reductions in the size of the U.S. military and engagement of U.S. forces in operations
abroad have restricted the availability of U.S. military personnel to respond to a domestic
bioterrorism event or other disasters.*°

Biological Weapons Improved Response Program. The Biological Weapons Improved
Response Program was developed by the DoD to assist with mass casualty care at the local
level 2212 A key component of this program is the development of the Modular Emergency
Medical System, which is intended to expand local hospital capacity, and integrate with other
disaster medical resources.*** The Modular Emergency Medical System has two components:
Acute Care Centers that serve as mass inpatient care facilities for incident victims, and
Neighborhood Emergency Help Centers that are designed for high-volume triage and dispensing
of prophylaxis and information.*** The Modular Emergency Medical System is designed to use
the Incident Management System and communication links between local hospitals, Acute Care
Centers, and Neighborhood Emergency Help Centers to coordinate patient care. For example, as
an incident unfolds, the Modular Emergency Medical System might be used as follows: the
initial victims are triaged in the usual manner to available hospitals until local hospitals have no
additional capacity, at which point the city could mobilize the Modular Emergency Medical
System and establish Neighborhood Emergency Help Centers and Acute Care Centers (at
predetermined locations such as schools for the Neighborhood Emergency Help Centers and
outpatient clinics for the Acute Care Centers), each of which is linked to a local hospital. The
Acute Care Centers would accept non-critical patients from the local hospital. The Modular
Emergency Medical System has been tested in full-scale operational evaluations but has not been
deployed for an actual disaster response.*?*

Lessons Learned from the Literature on the Existing Infrastructure for
Local and Regional Responses to Bioterrorism

We derived three key lessons from our synthesis of the literature on the existing infrastructure
for local and regional responses to bioterrorism.

1. Numerous response agencies with regional organizations could contribute to a
bioterrorism response. Many of the agencies described in this section have successfully
contributed to regionalized responses to bioterrorism and bioterrorism-related
emergencies (e.g., infectious disease outbreaks and disasters). The literature suggests
that numerous response agencies with regional organizations could contribute to a
bioterrorism response including public health departments at local, state, national, and
international levels; the National Disaster Medical System (a federally coordinated
program that provides medical and mental health assistance including the evaluation of
patients and provision of hospital care when local capabilities are overwhelmed);
Disaster Medical Assistance Teams (voluntary specialty medical teams that can be

47



deployed to provide a wide range of disaster medical services and resources); the
Metropolitan Medical Response System (which expands municipal bioterrorism
preparedness through grants that provide pharmaceuticals and other supplies and
requires detailed preparedness planning by recipient cities); and the Department of
Homeland Security (which has oversight responsibilities for many of the key
bioterrorism response agencies and programs such as the Federal Emergency
Management Agency and the Strategic National Stockpile).

2. Most of these agencies were designed independently. Efforts to coordinate them are
ongoing or under development. Most of the agencies described in this section were
developed to provide specific resources (e.g., trained personnel) or facilitate particular
tasks during a response to different situations. The Department of Homeland Security
has ongoing efforts to coordinate many of these response agencies.

3. Given the demonstrated ability of personnel to participate in more than one of the key
response agencies, decisionmakers must be aware of the potential for double-counting.
Double-counting can become an issue for responders who are members of more than one
response organization (e.g., one person who is simultaneously a member of the Army
National Guard, their local Disaster Medical Assistance Team, and a key part of the local
response). A single database or coordinated information system to record all response
personnel and resources could address this issue.

Synthesis of Evidence about Responses to the 2001
Anthrax Bioterrorism

On October 2, 2001, a 63-year old photo editor in Florida was hospitalized with high fever
and altered mental status.**® On the day of his admission, his physician performed a lumbar
puncture, examined a gram stain of his cerebral spinal fluid, and suspected anthrax on the basis
of the gram stain appearance.* He notified the Palm Beach County Health Department and the
Florida Department of Health who initiated an epidemiological investigation.**® Within seven
hours, both CDC and Florida Department of Health confirmed B. anthracis via spinal fluid
culture and immediately initiated concurrent epidemiological investigations in Florida and North
Carolina (where the patient had traveled three days prior to onset of illness).**® Between October
3 and November 16, 11 of 23 cases of bioterrorism-related anthrax reported in Florida, New
York, New Jersey, Connecticut, and the District of Columbia were confirmed as inhalational
anthrax.” Of these 11 cases, five individuals died, resulting in a case fatality rate of 45%
(considerably lower than had been previously observed).?***** The source of this epidemic was
eventually traced to the intentional delivery of anthrax spores via the U.S. postal service.”> The
response to these cases included the testing of more than 121,700 laboratory samples for
anthrax,*® the initiation of prophylactic antibiotics for 30,000 exposed patients,'>” and the
decontamination of numerous buildings.**®

The September 11" terrorist attacks and the subsequent cases of inhalation anthrax
heightened awareness of the vulnerability of the United States to bioterrorism and the need for
enhanced bioterrorism response capacities.”® **®® The GAO in its 2003 report to Congress on
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bioterrorism stated that “state and local response organizations need to have several basic
capabilities, whether they possess them directly or have access to them through regional
agreements.”” *®! Despite this recommendation, many local preparedness plans are lacking.
After the 2001 terrorist attacks, the U.S. General Accounting Office surveyed seven U.S. cities
and found that none of the cities had sufficient training, equipment or communication systems
for a response to bioterrorism.*®* The following section synthesizes the evidence about the 2001
anthrax bioterrorism event, the regional nature of the response to it, and the preparedness gaps
highlighted by the attack.

Summary of the Evidence of Regionalization of the Response to the
2001 Anthrax Bioterrorism

Our search identified 373 citations regarding the 2001 anthrax attack and subsequent
evaluation and response. Of these, we included 60 citations that described regionalized aspects
to the response to bioterrorism: 30 articles, 14 government reports and 16 Web sites.” None of
the included articles provided a comprehensive evaluation of the response to the 2001 anthrax
bioterrorism. Rather, most focused on a particular aspect of the response, such as the laboratory
response.

Application of Evaluation Criteria to the 2001 Anthrax Bioterrorism
Literature

In this section we discuss our application of the four evaluation criteria relevant to the 2001
anthrax bioterrorism literature: network design, inventory management, management of
information, and incident command. We found no articles that specifically described efforts to
employ postponement or modularization, coordinate the bioterrorism response supply chain, or
manage the incentives of the numerous relevant responding agencies. Nor did we find articles
analyzing volume-outcomes associations.

Network design. A loosely connected network of organizations, each member of which is
responsible for a portion of a bioterrorism response in the United States includes national, state
and local agencies. Regional coordination and mutual aid agreements between these agencies
are designed to facilitate the rapid and efficient deployment of equipment and expert personnel to
a local area that may lack resources or be overwhelmed by surge-capacity requirements.*®®

National Response Organizations. Although the GAO has identified over 20 federal
departments and agencies that have responsibilities during a bioterrorism event,®® only four
agencies, the FBI, CDC, HHS’ Office of Emergency Preparedness, and FEMA, have primary

“The term “response organizations” as defined by GAO-03-373 report to Congress are, “any organization or individual that
would respond to a bioterrorist incident. These include physicians, hospitals, laboratories, public health departments, emergency
medical services, emergency management agencies, fire department and law enforcement agencies.”

TReferencesg’ 13, 143, 149, 152, 153, 155, 156, 160-211

49



responsibility to provide regionalized assistance to state and local agencies during a bioterrorism
event.’®® The following paragraphs summarize the evidence about the role of three of these key

federal agencies in a regionalized bioterrorist response and review their actions during the 2001

anthrax attack.

Centers for Disease Control. CDC has the responsibility “to provide national leadership in
the public health and medical communities in a concerted effort to detect, diagnose, respond to,
and prevent illnesses, including those that could occur as a result of bioterrorism.”*" Prior to the
2001 attacks, CDC defined several regional priorities in preparing for response to a bioterrorism
event, including disease surveillance, public health networks, medical consequence management,
and the Strategic National Stockpile (then the National Pharmaceutical Stockpile).!”* Thus, CDC
developed the Laboratory Response Network, awarded grants to all 50 states and four major
metropolitan health departments, and funded several communication programs such as Health
Alert Network and the Epidemic Information Exchange System.*"2

The Laboratory Response Network was developed in 1998 as a tiered system of laboratories
across the United States with a hierarchy of capacity to handle specimens during a bioterrorism
response.’’® The Laboratory Response Network includes CDC’s Rapid Response and Advanced
Technology Laboratories, charged by Congress as having responsibility for rapidly identifying
an infectious agent during a bioterrorism event. During the 2001 outbreak, the Laboratory
Response Network’s laboratories processed more than 121,000 samples for B. anthracis
providing surge capacity for local laboratories.*® *"

Communication was a key role of CDC during the anthrax attack.’’’ Unfortunately, no
single integrated information system connects all health departments with one another, nor health
departments with local hospitals and first responder communities.*”* However, the included
articles described two systems that facilitated some information sharing among members of the
public health community during the 2001 anthrax bioterrorism: the Health Alert Network and
the Epidemic Information Exchange System. The Health Alert Network is an electronic
communications system that enables sharing of information by public health professionals
nationwide during an infectious disease outbreak.'’?> During the 2001 bioterrorism events, the
Health Alert Network allowed local public health agencies to request information from CDC,
and provided general information such as how to handle suspicious letters and packages.'"”
Because the Health Alert Network is limited to public health personnel, hospitals, infection
control professionals, and first responders, physicians had no access to these essential reports.
185" The Epidemic Information Exchange System, is a Web-based communications network that
provides a format for state, local and national health officials to share preliminary information
regarding potential disease outbreaks.}”? During the 2001 attack, the Epidemic Information
Exchange System provided 90 reports to public health decisionmakers including state
epidemiologists, local CDC investigative teams, and other public health officials.!”® However,
one survey of the health response to the 2001 attack noted that no public health official cited the
Epidemic Information Exchange System as a source of information.'®® Thus, the likely utility of
these systems to clinicians, public health officials, and the public during a large-scale
bioterrorism response remains uncertain.

162,

“During the anthrax attacks, the national news media often had relevant information before it was available through the Health
Alert Network—Ilimiting the utility of the Network to public health officials.
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Office of Emergency Preparedness. At the time of the 2001 Anthrax attacks, the National
Disaster Medical System was organized under the auspices of the Department of Health and
Human Services’ Office of Emergency Preparedness into 44 Disaster Medical Assistance Teams
and four National Medical Response Teams. These included 7,000 volunteer health and support
personnel to assist local response organizations.*’? On October 21, 2001, units from the U.S.
Public Health Service, including a Disaster Medical Assistance Team, established a clinic in the
Washington, DC area to educate and provide prophylactic antibiotics to persons exposed at the
Brentwood U.S. Postal Facility.*** Over a 14-day period, this clinic operated 14 hours per day,
seven days per week with a total staff of 136 persons, and dispensed medications to over 18,000
persons. The productivity of this clinic (in terms of numbers of staff relative to numbers of
patients served) has now become a reference standard for planning efforts for dispensing
medications and providing immunizations during a future bioterrorism event.

Federal Emergency Management Agency. FEMA is the lead agency for consequence
management following a bioterrorism event.**® Due to the September 11, 2001 terrorist attacks,
FEMA had fully activated the Federal Response Plan and all ten of FEMA’s regions prior to the
anthrax incidents.®” Our review found no assessment of FEMA’s actions during the 2001
anthrax attack. This is most likely because FEMA had a limited role in responding to the anthrax
attack (they were involved in the World Trade Center disaster management at the time) and
because no Emergency or Major Disaster Declarations were made by FEMA for the sites
involved in the anthrax attacks.’® Since the 2001 attacks, FEMA has been instrumental in
providing assessments of state and local preparedness for future bioterrorism events.*®’

State and Local Response Organizations. In the years prior to the 2001 anthrax attacks,
several initiatives appropriated resources for state and local preparedness programs. The
National Defense Authorization Act of 1997 appropriated $97 million for “domestic emergency
assistance programs, including the implementation of programs providing advice, training, and
the loan of equipment to state and local emergency response agencies and assistance to major
cities in establishing medical strike teams.”®® 1n 1999, CDC received Congressional funding “to
enter into multi-year cooperative agreements aimed at upgrading state and local health
department preparedness and response capabilities relative to bioterrorism.”**® However, despite
this funding, at the time of the 2001 anthrax attack, many of the state and local programs were
operated independently, without significant regional coordination.®® 192

The United States has more than 2900 local public health agencies.™** Prior to the 2001
anthrax attack, there were few efforts to regionalize local public health agencies through
cooperative agreements within and among states.*®" %> Since the 2001 anthrax incident, some
regionalized systems have evolved. For example, in New Jersey, a cooperative agreement to
share resources during a bioterrorism event has been organized into three regions, each
representing approximately ten counties, linked together via the Local Information Network and
Communication System.*®* However, to date there have been no evaluations to assess the
readiness of such regionalized plans and no evidence to suggest that particular methods of

“The National Association of City and County Health Officials defines a local public health agency as, “an administrative or
service unit of local or state government concerned with health, and carrying some responsibility for the health of a jurisdiction
smaller than the state.”
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regionalization benefit the ability to respond to naturally occurring or bioterrorism-related
illness.*™

Coordination Among National, State and Local Response Organizations. During the initial
stage of the 2001 anthrax attack, local agencies worked closely with CDC and other federal
agencies to rapidly confirm the diagnosis of anthrax and to initiate an epidemiological
investigation.”® As the scope of the attack increased, so did the challenges to the available
systems for coordinating local, regional, and federal response efforts.*®%16%194.1%  Eor example,
during the 2001 anthrax attack, the three separate health departments in the Washington, DC
region (Maryland, Virginia, and the District of Columbia) had no established mechanism for
coordination of information regarding epidemiologic assessments or medical
recommendations.’® Since the 2001 attack, these three local health departments have agreed to
“coordinate disease surveillance, alerts, evacuation, and other emergency preparedness efforts”
for future bioterrorist incidents.**

Inventory Management. During the 1990s, Congress authorized establishment of the
National Pharmaceutical Stockpile, which was renamed the Strategic National Stockpile after it
came under the broader umbrella of the Department of Homeland Security. The Strategic
National Stockpile provides a national repository of medical resources, including antibiotics that
can be deployed at the local level during a bioterrorism event.*®® During the initial stages of an
attack, 12-hour Push Packs from the Stockpile could be deployed. These consist of antibiotics,
antidotes, and other medical supplies necessary to treat a wide range of possible biological or
chemical agents over a short period of time.*" If the attack requires “a larger or multi-phased
response,” the second component, the Vendor Managed Inventory, could be shipped within 36
hours.**® The Vendor Managed Inventory is a “tailored” supply of pharmaceuticals and medical
supplies intended to treat a specific biological agent in a larger population over a prolonged
period of time. After the 2001 World Trade Center attack, CDC was able to deliver a Push Pack
to New York City within seven hours after it was requested.'”® During the 2001 anthrax attacks,
the pharmaceutical stockpile team made 143 sorties to nine states and delivered 3.75 million
antibiotic tablets between October 8, 2001 and January 11, 2002,

Since the anthrax attacks, some state and local agencies have obtained their own inventories
of medical supplies. In 2002, the U.S. Medicine Institute for Health Studies forum on surge
capacity during a bioterrorism event recommended that hospitals have 48 hours worth of
antibiotics to treat or prophylax staff and other first responders, but did not recommend that
individual communities stockpile pharmaceuticals.’®® However, the 2000 weapons of mass
destruction tabletop exercise in Spokane, Washington suggested that local communities need to
be self sufficient for at least 24 hours and, “if financially feasible, [to have] some local
stockpiling of certain antidotes, like antimicrobials.”*® Currently, most local hospital and
pharmacy inventories of antimicrobials are inadequate for a large-scale bioterrorism response. A
survey in New Mexico found that, on average, local communities had four doses of ciprofloxacin
on hand per 1000 persons.”®* A study in New Jersey noted that hospitals had an average of 289
doses of ciprofloxacin, which roughly equaled three doses per 1000 persons.** No published
evidence specifically evaluates what should be included in a local inventory or the costs and
benefits of procuring and maintaining such inventories.
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Information Management. Regional management of information needs during the anthrax
attacks of 2001 fell broadly into three categories: management of information relating to
epidemiological investigations, communication among responders, and communication with the
public.?®® Detection of the index case of inhalational anthrax occurred at the local level in a
timely manner.*®® Six days later, when a coworker of the initial case became ill and was
ultimately diagnosed with inhalation anthrax, the investigation then focused on the work
environment of these two patients and administration of prophylaxis to potentially exposed
coworkers. Subsequent to the Florida case, response times were markedly shorter: On October
15, 2001 a letter containing a powdery substance was opened in Senator Daschle’s office with
preliminary tests suggesting anthrax within 15 minutes.?®® Approximately 45 minutes after the
letter was opened, the ventilation system was shut down, potentially exposed persons had nasal
swabs performed, and an initial 3-day supply of antimicrobial prophylaxis was distributed.

The included articles did not describe information systems that facilitated communication
among responders or with the public.’®*#° Several untested but promising information systems
have recently been deployed to facilitate local responder communication (e.g., San Diego
County’s Emergency Medical Alert Network, the Rochester Area Community Healthcare
Information System, and the New Jersey Local Information Network and Communication
System).?

Incident Command. Effective command and control is a required component of a
successful response to a bioterrorism event. The included articles report that during the 2001
anthrax attack, incident command was complicated by three factors: 1) no single organization led
the response across the nation, 2) no hierarchy of authority became clearly established or
accepted among the numerous response organizations, and 3) there was no single system for
effective information processing to facilitate incident command.'®> '/

Lessons Learned from the Regional Response to the 2001 Anthrax
Cases

Five key lessons regarding a regionalized bioterrorism response system can be learned from
the evidence about the 2001 anthrax attacks.

1. Cooperative agreements and regionalized response plans are needed. Pre-event
regionalized planning and asset sharing agreements among local public health agencies
and hospitals may facilitate enhanced surge-capacity and coordinate responses during a
bioterrorism event.

2. Incident command must be well defined and familiar to responders. The chain of
command during a bioterrorism event may benefit from pre-event planning, practice, and
widespread acceptance by relevant response agencies.

3. Information systems for communication among responders and with the public must be

implemented and tested prior to an event. A bioterrorism response is likely to benefit
from a coordinated effort to provide and share accurate information at all levels: local,
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state, and federal. There is little evidence regarding current efforts to facilitate sharing of
information across types of response professionals (i.e., among clinicians, public health
officials, and criminal investigators) or with the public—critical gaps in the literature.

4. The costs and benefits of acquiring, storing, and maintaining local inventories of medical
supplies have not been established. The federal government has spent millions of dollars
to acquire and maintain the Strategic National Stockpile and to develop tested strategies
for deploying the Stockpile to a local population within a few hours of an event.
However, local and state organizations are creating their own inventories. No published
evidence describes the costs and benefits of establishing these local inventories.

5. The Laboratory Response Network significantly enhanced regional laboratory surge
capacity. Although most local and state public health laboratories were highly taxed, the
Laboratory Response Network was able to offset many surge capacity requirements at the
local level during the anthrax attacks. Whether the logistical framework exists to support
transportation of samples from local clinical laboratories to regional Laboratory Response
Network laboratories for processing during a bioterrorism event of larger magnitude
remains untested.

Synthesis of Evidence about Regionalization of Responses
to Naturally Occurring Outbreaks

“Is the epidemic getting out of hand?” Rambert asked.

Rieux said it wasn’t that; indeed, the death-graph was rising less steeply. Only, they lacked adequate means of
coping with the disease.

“We’re short of equipment. In all the armies of the world a shortage of equipment is usually compensated for by
man-power. But we’re short of man-power, too.”

“Haven’t doctors and trained assistants been sent from other towns?”

“Yes,” Rieux said. “Ten doctors and a hundred helpers. That sounds a lot, no doubt. But it’s barely enough to
cope with the present state of affairs. And it will be quite inadequate if things get worse.”

—Albert Camus®*?

Naturally occurring outbreaks provide opportunities to design, deploy, and evaluate
preparedness and response strategies for outbreaks resulting from bioterrorism. Often outbreaks
cross geographic boundaries, requiring regional, even international, response coordination.
Between July 1998 and August 2001, the World Health Organization (WHO) verified 578
outbreaks in 132 countries.”* Of particular importance is the 2003 international outbreak of
severe acute respiratory syndrome (SARS), which has been repeatedly cited as a model for a
large-scale outbreak resulting from either pandemic influenza or a bioterrorism event 4%
SARS emerged in a manner that was suggestive to some experts of bioterrorism, and because the
response to this international outbreak was unprecedented in scale and speed, the outbreak
presents an opportunity to learn lessons for bioterrorism preparedness. This section synthesizes
the evidence about the regionalized approach used to prepare for and respond to SARS and other
naturally occurring infectious disease outbreaks.
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Summary of the Evidence of Regionalization of Responses to
Naturally Occurring Outbreaks

We reviewed 296 articles about the response to ten naturally occurring outbreaks involving
SARS, Hantavirus Pulmonary Syndrome, pandemic influenza, meningococcal meningitis,
smallpox (two outbreaks and the 2003 pre-event vaccination campaign), cryptosporidiosis, West
Nile virus, and monkey pox. Of these, we included 181 articles, 10 government reports, and 33
Web sites that described one or more outbreaks and the regional responses to them.” We found
no specific evaluations of regionalization of responses to outbreaks. Table 10 presents the
lessons learned from articles describing regionalized responses to the nine outbreaks. From each
of the included articles, we abstracted information about the tasks that responders performed
during outbreak responses, and the resources required to perform these tasks. We present those
data in our answer to Key Questions 1 and 2 in the “Summary Synthesis of Evidence About
Regionalization for Bioterrorism Preparedness and Response” section and Table 14.

Application of Evaluation Criteria to the Responses to Naturally
Occurring Outbreak Literature

In this section we discuss our application of the six relevant evaluation criteria to literature
describing responses to naturally occurring outbreaks: network design, inventory management,
postponement and modularization, coordination of outbreak response and management of
incentives, management of information, and incident command. We found no article that
specifically described volume-outcome associations. The following sections describe our
application of the evaluation criteria to the literature describing regionalized outbreak responses.

Network Design. The effectiveness and timeliness of an outbreak response system is
influenced by how key components of the system respond to the outbreak. Key components in
the system (i.e., network) include field personnel, public health agencies, healthcare providers,
laboratory professionals, and other governmental agencies. The included articles describe five
key elements of regionalized outbreak responses performed by these response groups including:
mobilization of trained personnel, the epidemiological response (including outbreak investigation
and implementation of policies to reduce the spread of disease), the hospital responses,
laboratory responses, and coordination of the response. This section synthesizes the available
literature on how these five outbreak response tasks have been regionalized during responses to
SARS and other outbreaks.

Mobilization of Trained Personnel. Response to an outbreak often requires pooled regional
resources (throughout this section we regional responders include those at the state and federal
levels). When local communities possess insufficient trained personnel to respond to a disease
outbreak, trained personnel such as clinicians and epidemiologists can be mobilized from other

*Referencesz' 77,91, 213-433
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communities or from national or international resources. In the United States, infrastructure
exists to provide local communities with regional and national resources when necessary. For
example, many leading outbreak investigation professionals have been trained through two-year
assignments with the Epidemic Intelligence Service, which was established in 1951 by CDC as
an early warning system against biological warfare and man-made epidemics. Each year, the 60
to 80 Epidemic Intelligence Service officers have played a key role in numerous outbreak
investigations, eradication programs, and development and deployment of surveillance efforts.”

Trained personnel mobilized during outbreaks may be supplied by national or regional
organizations that recruit both paid and volunteer professionals. For example, during the 1918
swine/Spanish flu pandemic, nurses were in drastically short supply because more than one third
of U.S. nurses were supporting the war effort overseas. The American Red Cross responded to
this shortage by developing a network of professional and volunteer nurses (including retired
nurses, student nurses, and eventually, women with even minimal nursing experience). Although
these nurses were recruited from a national pool, they were often deployed to specific regions by
the U.S. Public Health Service or state public health officials.?*®

Deployment of regional resources can also occur on an international scale. During the SARS
outbreak, the WHO, CDC, Institut Pasteur, Medecins Sans Frontieres, and National Health
Service, among others, sent supplies and teams of experts to China, Vietnam, Singapore and
Hong Kong.”**#° Once in the field, WHO and related international teams performed a variety
of tasks, including the review of medical records. These teams played a critical role in
determining that the cases of atypical pneumonia in Guangdong Province, China, were
“clinically and epidemiologically” related to later outbreaks in Vietnam and Hong Kong.**
During a bioterrorist attack, the ability to deploy highly trained personnel to the affected area
may contribute significantly to the local response capacity.

Epidemiological Response. Epidemiological response to an outbreak by local, state, and
regional public health agencies includes surveillance, case investigation, contact tracing and
follow-up, issuing guidance to healthcare facilities, implementation of infection control measures
a well as instituting public health policy such as issuance of travel advisories, isolation and
quarantine. Epidemiological policy and legislation are often framed at the state, national, or
international levels; however, epidemiological action often occurs at the local level and is
performed by local and/or state responders. Thus, coordination of efforts among federal, state,
and local officials is key to effective epidemiological responses. Conversely, differences in
epidemiological approaches (and political will) between federal and state policymakers and local
public health officials can complicate epidemiologic responses to outbreaks. For example,
China’s local responses to SARS may have been slowed by delays resulting from Beijing-based
officials who discouraged clinicians and hospital administrators from fully disclosing the extent
of the outbreak.”> #?> 3 gpecifically, early in the outbreak, most hospitals were not reporting
cases on a daily basis, and even as late as April 2003, two months after the outbreak was reported
to have begun, contact tracing was not performed reliably.?** As the outbreak continued, China
demonstrated dramatic improvement in its responses.?”®> For example, in Hong Kong, officials
instituted a policy of heightened travel surveillance for one year, to immediately detect any
resurgence in SARS cases.??® Hong Kong border screeners used infrared temperature scanners

“For example, EIS officers were deployed to New York City in 1999 following the detection of West Nile Virus (WNV) in a
cluster of patients suffering from encephalitis, and contributed significantly to the outbreak investigation.217
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and required health declarations from all travelers.”?® Similarly, local Hong Kong health
officials quarantined all known contacts of SARS patients at home. These local responders,
working in collaboration with their colleagues in the Department of Immigration, prevented
quarantined patients from leaving the country and spreading the disease. China’s improved
epidemiological response was largely credited to changes in the attitude of high-ranking
officials, and in two prominent situations, to the change of the officials themselves.***

Hospital Responses. Hospital responses to infectious disease outbreaks include provisions
for definitive medical care, infection control, emergency management, and communication.
Hospital responses may be organized locally at a single hospital facility or regionally within the
context of a hospital network. During the SARS outbreak, several infection control practices
were effectively instituted on a multi-hospital basis. For example, a team from the Taiwanese
Center for Disease Control visited each of the 15 hospitals in Taiwan treating suspected or
confirmed SARS cases.??” This team audited charts and implemented strict infection control
measures, including education of health care workers and distribution of personal protective
gear. Additionally, the infection control nurses at these 15 hospitals undertook surveillance of
staff absenteeism.**’

There are ongoing efforts in U.S. hospitals to pool their resources to prepare more efficiently
for a bioterrorism event.” For example, the MediSys hospital network includes three large
hospitals in New York City (in Flushing, Jamaica, and Brookdale).?”® These hospitals share a
network-wide Nuclear, Biological, and Chemical Incident Task Force charged with providing
assessments of and recommendations for pharmaceutical preparedness at both the individual
hospital and network levels. This Task Force recommends that each hospital pharmacy retain a
specified inventory, with a mutual aid understanding that needed supplies can be borrowed
within the network, as available. Each pharmacy stocks supplies to treat staff and patients for
three days, should drugs from the Strategic National Stockpile be delayed.®

Laboratory Responses. Laboratory responses to outbreaks have been regionalized for two
primary purposes: to provide surge capacity for diagnostic testing of specimens during a large
outbreak that overwhelms local laboratories, and to serve as the reference laboratory capable of
testing for rare pathogens. The Laboratory Response Network, which serves both of these
functions, was described in the sub-section “Application of Evaluation Criteria to the 2001
Anthrax Bioterrorism Literature”. During the 1999 West Nile virus outbreak in New York City,
the primary laboratory with capacity for diagnosing West Nile virus was CDC’s Division of
Vector-Borne Infectious Diseases, in Fort Collins, Colorado. While the outbreak was developing
in the New York City area, laboratory samples had to be mailed to Colorado using commercial
mail carriers and express mail service for testing. Significant delays in diagnoses resulted from
laboratory services not being available on the weekend®?® and the lack of surge capacity to
handle the large number of specimens requiring analysis (more than 2000 in three months).
As a result of this outbreak, the capacity to perform diagnostic analysis for West Nile virus has
been expanded to other laboratories around the country—a critical step given the concerns about
this agent becoming endemic in more geographic regions of the United States.®

217

“ Several of regional initiatives have been sponsored by HRSA, whose hospital bioterrorism preparedness cooperative agreement
places emphasis on regionalization.
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Coordination of the Outbreak Response. The included articles describe several regional and
international networks developed for coordination of disease surveillance, laboratory support,
and outbreak response efforts.” For example, a number of affected Asian nations came together
during the SARS outbreak to sign an agreement that they would screen all incoming and
outgoing international travelers, create an international emergency SARS hotline, freely
exchange epidemiological information, cooperate on research and training, plan and attend
meetings to devise other countermeasures to combat the outbreak, and commit to complete
transparency where the outbreak was concerned.?*

One of the most recognized efforts was the WHO-sponsored network of research laboratories
established during the SARS outbreak.?®* Eleven laboratories in ten countries were invited to
participate in the effort to identify the causative agent and to develop a diagnostic test for SARS.
All accepted the offer, choosing to cooperate rather than compete.?®*?** Networked participants
communicated via daily teleconferences and used a secure WHO Web site to post results and
questions and to access research tools, such as polymerase chain reaction primers. Samples were
shipped around the world within hours of a request.?®®* Such cooperation contributed greatly to
the timely worldwide response to SARS. The laboratories announced the conclusive
identification of the novel coronavirus responsible for SARS just one month after the creation of
the network.?®* This rapid success can be attributed in large part to the design of the
international network that enabled research to progress 24 hours per day with laboratories in
every time zone. Also, laboratories had access not only to local strains of SARS, but also to
samples from around the world.

During the SARS outbreak, WHO also erected parallel networks of epidemiologists and
clinicians.®®* The epidemiologists worked in all local areas with documented transmission of
SARS and collaborated to resolve several key issues of epidemiological concern, including the
transmissibility of SARS among asymptomatic individuals and during the incubation and acute
illness phases of the disease.?®* The clinicians’ network included 80 clinicians from all 13
countries with SARS cases. This network compared the efficacy of different treatment regimes
and reported on the results of clinical trials with ribavarin.?** This type of collaboration would
be particularly relevant for a bioterrorism event occurring with a novel infectious agent, or a
previously recognized biothreat agent with antibiotic/antiviral resistance.

Inventory Management. Inventory management for outbreaks requires the acquisition of
material resources such as antibiotics and vaccines, as well as their distribution to responders or
members of the public. These tasks can be logistically challenging when resources are in short
supply or when large numbers of people must receive prophylaxis or treatment. For example,
during the 1947 smallpox outbreak in New York City, city leaders decided to vaccinate all six
million residents but initially had only 250,000 individual doses of smallpox vaccine on hand.
City workers quickly repackaged 400,000 bulk doses, and additional doses were made available
from military stockpiles. However, these were still insufficient to meet the demand. The mayor
responded to the shortage by calling an emergency meeting between vaccine manufacturers and
the New York City health department. In response, manufacturers agreed to undertake a 24-hour

“Occasionally, networks designed for other purposes support outbreak responses. For example, prior to the 1993 outbreak of
Hantavirus Pulmonary Syndrome in the Four Corners region of the southwestern United States, the primary care physicians of
the regionally integrated Indian Health Service (who were geographically dispersed) frequently consulted among themselves
about challenging or unusual cases. The regional organization of the Indian Health Service facilitated this collaboration, which
led to the more timely recognition of the disease outbreak.?2®
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per day schedule for packaging existing bulk vaccine and to divert all available vaccine to New
York City.?®

Postponement and Modularization. The concepts of postponement and modularization
apply to two key aspects of regionalized planning for outbreaks. First, the distribution of pre-
packaged antibiotics in unit doses rather than bulk packaging, which facilitates their dispensing
to a wider variety of target populations, is an important example of modularization. If antibiotics
are packaged in short course dose packs (e.g., seven-day supplies), public health officials
uncertain about whether their current inventory of antibiotics will meet the demands of patients
seeking prophylaxis, may choose to dispense an abbreviated course of antibiotics rather than a
full course, allowing additional time for regional inventories to arrive. Second, public health
recommendations and protocols for outbreak management can be generated at the state or
national level and communicated to local users who may further customize these protocols for
their use. This approach reduces the need for local officials to prepare their own materials and
increases the likelihood that protocols within a region are concordant. CDC is working with
professional organizations to educate responders about smallpox: CDC provides educational
materials to organizations such as the Infectious Disease Society, the Dermatology Society, the
Emergency Medicine Society, the Nursing Association, and the American Medical Association.
These organizations repackage the information and distribute it to their members. 2" Although
there have not been evaluations of the costs and benefits of postponement or modularization
techniques for bioterrorism preparedness, the available evidence suggests that the use of these
methods may facilitate the timely communication of essential outbreak response information to
relevant organizations for further local customization.

Outbreak Response Coordination and Management of Incentives. For an infectious
disease outbreak to be contained as quickly and efficiently as possible, it is necessary that
responders at local and regional levels, including clinicians, government agencies, and members
of the public, have incentives to work together to contain the outbreak.

For communicable diseases, the incentives of clinicians must be considered if a stable, well-
trained work force is to be maintained. One devastating feature of the SARS outbreak was its
effect on health care workers: as of April 14, 2003, 46% of SARS cases in Hong Kong and 63%
of cases in Hanoi were among health care workers.??’ Because SARS infected such a high
number of health care workers, many quit or did not come to work, resulting in reduced capacity
just as health care systems were struggling to serve infected populations.> *** % In Toronto,
officials reported difficulty finding physicians to staff the SARS clinics. To combat the problem,
the Toronto health ministry issued a call for volunteer infectious disease specialists from the
United States to serve temporarily in Toronto. The Infectious Diseases Society of America e-
mailed its members advertising the need for U.S. physicians to work in Canada. Although
compensation was $2000/day plus expenses, and Canada provided malpractice and temporary
licenses and work permits, many American clinicians “were afraid to go.”**® Thus, without
carefully addressing the incentives for responders, regionalized systems for enhancing local
responder capacity, particularly during communicable infectious disease outbreaks, may be
compromised.
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Management of Information. During a regionalized outbreak response, three flows of
information are critical: flows between responders and the public, horizontal flows among
responders (between regional responders which include information systems for logistics
management), and vertical flows among responders (from local responders to national
responders or vice versa).

To prevent the spread of disease, outbreak-related information from responders to the public
must be accurate, timely, and complete. The included articles describe several simple yet
effective strategies to communicate to the public during the SARS outbreak. WHO used
international press briefings and global videoconferences for healthcare workers. CDC
sponsored regular conference calls with medical professional associations and state and local
health departments and laboratories.? During a two-week period early in the outbreak, CDC
hosted nine telephone press conferences to keep the media informed and to ensure that the
information presented on television and in print was accurate and complete. Travel health alerts
were made available in eight languages for more than 60,000 travelers returning from East Asian
countries.? 2%

Horizontal information flow among responders is also important. The day the WHO issued a
global health alert for countries with documented local transmission of SARS, the director of the
Los Angeles county health department issued a notice to all 81 hospitals in the county, informing
them of the symptoms and requesting to be notified immediately of suspected cases. Similarly,
during the 1999 outbreak of West Nile virus in New York City, the local health department used
media releases, a public hotline, and printed materials in eight languages to teach an anxious
public how to protect against the virus with considerable success: In two months of operation,
the hotline received more than 150,000 calls.”*” Whether these methods of communication will
adequately serve the needs of responders or the public during a large-scale bioterrorism response
has not been evaluated.

Finally, outbreak responses require vertical information flow among regional and local
responders. Technology can play an important role in this vertical information flow. * For
example, Web-based communication technologies served a key role during the SARS outbreak.
Internet technology was used by the international network of laboratories to facilitate the
isolation of the causative agent for SARS. Also, California’s Health Alert Network was used to
send SARS-related e-mails to local health departments and to many hospitals.?” Electronic
versions of SARS case reports and related information were available to worldwide subscribers
to the New England Journal of Medicine one month before they were available in print.?*

Other outbreaks have demonstrated the limitations of available communication systems. The
1999 outbreak of West Nile virus in New York City was multijurisdictional: patients lived and
were treated in several cities and states. No agreements were in place regarding information
sharing for outbreak tracking and surveillance before the outbreak occurred. Interim
arrangements were unable to produce effective data management strategies.”’” Additionally, the
health departments needed better integration with animal health agencies. In a GAO evaluation
of the response to the 1999 West Nile virus outbreak, it was noted that, “the length of time it
took to connect the bird and human outbreaks of West Nile virus signals a need for better
coordination among public and animal health agencies.”?** This outbreak stimulated ongoing
efforts to coordinate collection and reporting of surveillance data for zoonotic and other naturally
occurring and bioterrorism-related outbreaks.® **

“As with the Health Alert Network during the anthrax cases, some of the information provided about the SARS outbreak was
insufficiently rapid and could already be obtained through the international news media and other public sources.
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Incident Command. The included articles suggest that clear chain of command facilitates
effective, expeditious containment of infectious disease outbreaks and communication of the
ongoing epidemiological efforts to the public. The included articles described the emergency
operations centers that were established worldwide during the SARS response to bring together
local EMS, police, and community planners; however, most of these centers were not
coordinated regionally or nationally.? CDC activated its Emergency Operations Center for
which 800 “medical experts and support personnel” were available around the clock to
coordinate a U.S. SARS response.? The Emergency Operations Center has only been activated
twice before: for the 1999 West Nile virus outbreak and for the 2001 anthrax attack.?*® The
WHQ’s contribution to the SARS response was facilitated by its event management information
system which “generates a dynamic picture of operations, aids organization of logistics, and
provides a systematic way to...manage resources.”?*

Lessons Learned from the Responses to Naturally Occurring
Outbreaks

From our review of the outbreak response literature, we drew three main lessons regarding a
regional response to outbreaks resulting from bioterrorism.

1. Communication and cooperation between health authorities of neighboring regions are
needed. Infectious diseases can spread quickly and communication and cooperation
among neighboring communities can facilitate a response. Rapid communication can be
difficult to achieve through interim agreements. Thus, cooperation during a bioterrorism
response may benefit from pre-event development and routine use of shared
communication systems.

2. International surveillance and reporting may be required to combat infectious disease
outbreak. The SARS response benefited from international efforts of disease surveillance
and reporting of suspicious cases to the WHO. In the event of a bioterrorism attack,
international cooperation to detect, report, and respond may reduce associated morbidity
or mortality.

3. During a response to an outbreak resulting from an emerging or communicable biothreat
agent, it is essential to carefully consider and address responder incentives. During
bioterrorism event, strategies to protect responders and their families is an essential
component of maintaining a robust work force.
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Table 10. Regionalization of Outbreak Response

Disease Time and place Scope of outbreak Lessons learned

Smallpox™> ¥ New York City, 1947 12 cases and 2 Benefit of consistent, accurate and calming
deaths (case fatality communication from top officials (Mayor of
rate of 17%); 6 million NYC)
residents of New York Successful distribution and administration of
City vaccinated in less millions of doses of vaccine using volunteer
than a month (5 clinicians at police precincts
million were
vaccinated in two
weeks).

Smallpox™* ** Boston, 1901-3 1596 cases and 270 Benefit of teams of clinicians going out into

deaths (case fatality
rate 17%).

the community to vaccinate at-risk people
who might not otherwise seek vaccination
(e.g., homeless men)

Problem of incentivizing public to be
vaccinated against smallpox given difficulty
estimating the probability of smallpox
bioterrorism

Benefit of disease-designated hospitals for
infection control

Smallpox pre-event
vaccination

Campaign237, 408-433

Acute care hospitals
and public health
departments across
the United States,
2003

Phase 1 of the
vaccination campaign
intended to vaccinate
500,000 civilian
responders; fewer
than 30,000 actually
vaccinated as of
March 16, 2003.

Problem of incentivizing responders to be
vaccinated against smallpox without
compensation in place for adverse events
Problem of identifying of personnel to serve
on teams of local responders

Severe Acute

Respiratory Syndrome
SSARS 2, 214-216, 219-221,

23-227, Z30-234, 238-241, 243-
306, 434, 436

International
outbreak with the
majority of victims in
China, Hong Kong,
Singapore and
Canada, 2003.

As of 11 July 2003,
8427 patients infected
with SARS in 29
countries; 813 died.

Importance of timely, accurate disease
reporting internationally

Benefit of internationally networked
laboratory response

Benefit of disease-designated hospitals for
infection control and volume outcome
associations

A N 77,91,
West Nile Virus
217, 228, 236, 242, 311, 366-386

New York City, 1999

59 cases hospitalized
and seven died. No
more cases reported
after initiation of
vector mosquito
measures.

Better interjurisdictional agreements for
information sharing should be in place before
an outbreak

Public must be educated and incentivized to
perform key public health functions, such as
reporting dead birds

Information sharing between agencies (e.g.,
between public health and animal health
agencies) should be in place before an
outbreak to perform more complete
surveillance for zoonotic illness

More than one laboratory in the United States
should possess the capability to perform
diagnostic tests for a pathogen

Pandemic Influenza®™

218, 305, 338, 387-407

Worldwide, 1918-
1919

International outbreak
of swine flu, possibly
of Spanish origin.
500,000 people dead
in the United States;
estimated worldwide
deaths 20-40 million.

Problem of educating and incentivizing public
to follow infection control recommendations
Critical shortage of caskets and mortuaries
Networks of nurses and physicians formed by
the ARC and the U.S. Public Health Service
from a pool of personnel not able to serve as
part of the overseas war effort
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Disease

Time and place

Scope of outbreak

Lessons learned

Hantavirus Pulmonary

Syndrome320, 323-339,
341-347, 437

Four Corners region
of the U.S.
southwest, 1993

By October 1993, 42
cases and 25 dead.

Benefit of unofficial networks of clinicians
who communicate and consult with each
other for the detection of geographically
dispersed outbreaks (Indian Health Service)
Effective use of aeromedical resources to link
community and regional hospitals

Meningococcal
348-362

Mankato, Minnesota,

Seven cases and one

Need for standardized forms for obtaining

meningitis 1995 death; 30,000 people informed consent to give prophylactic
vaccinated. antibiotics (in multiple languages)
Cryptosporidiosis™ >  Milwaukee, 403,000 people made Benefit of prospective surveillance of water

Wisconsin, 1993

sick; the illness
contributed to at least
100 premature deaths
in immuno-
compromised people.

supply

Synthesis of Evidence about Regionalization of Responses

for Disasters

It is necessary that all of the resources and facilities of the State, its various departments and agencies, and all its political
subdivisions, municipal corporations, and other public agencies be made available to prevent and combat the effects of
disasters which may result from such calamities as flood, fire, earthquake, pestilence, war, sabotage, and riot; and it is
desirable that each of the[se] parties... should voluntarily aid and assist each other in the event that a disaster should
occur, by the interchange of services and facilities, including but not limited to, fire, police, medical and health,
communication, and transportation services and facilities, to cope with the problems of rescue, relief, evacuation,

rehabilitation, and reconstruction which would arise in the event of a disaster.

—Earl Warren, Governor of California, November 15, 1950%%

The International Federation of Red Cross and Red Crescent Societies defines a disaster as an
event that causes more than ten deaths, affects more than 100 people, or leads to an appeal by
those affected for assistance.**® Excluding droughts and war, approximately 500 such disasters
occur annually worldwide, killing 50,000, injuring an additional 74,000, and displacing 5
million. More than 80 million people are affected by disasters in some way each year.**

Much of the U.S. response infrastructure designed for disasters would be activated during a
bioterrorism response. Additionally, many of the primary response tasks necessitated by
disasters are identical to the tasks required for a bioterrorism response. These include
declarations of emergency; evacuation; quarantine; crowd and traffic control; emergency
provision of mental health services for responders, victims, caregivers and their families; and
volunteer utilization and control. Because earthquakes, hurricanes, floods, and volcanic
eruptions tend to recur in specific geographic areas, elements of the U.S. planning and response
infrastructure for disasters have been regionalized. As aresult, in 1997, when FEMA was
required by Congressional mandate to assess states’ level of disaster readiness, the Agency
concluded that states generally do have the ability to respond to disasters without significant
federal assistance.**® The following sections describe the regionalization of disaster management
preparedness and response programs, present the results of evaluations of these regionalization
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efforts, and summarize the evidence for and against regionalization of disaster services, as it
relates to bioterrorism preparedness and response.

Summary of the Evidence of Regionalization of Disaster Responses

We found 155 articles that described responses to natural disasters, including hurricanes (i.e.,
Andrew, Iniki, and Hugo), earthquakes (e.g., Loma Prieta and Northridge), tornadoes, and
floods, and to manmade disasters (e.g., the Tokyo sarin attack, the Keystone chairlift collapse,
the destruction of the Alfred P. Murrah Federal Building in Oklahoma City, airline crashes, and
the terrorist attacks of September 11, 2001). Of these, we included 37 articles” and 17
government reports and 12 Web sites.” None of the included articles specifically evaluated the
effects of regionalization on disaster management services. Table 11 presents the evidence of
lessons learned from articles on natural and manmade disasters that can be applied to
bioterrorism preparedness. For reviews of disaster epidemiology and response, we refer
interested readers elsewhere.* #4442

Most included articles describe response organizations or responses to particular disasters.
Although our review found no specific evaluation studies, it highlighted issues regarding
regionalization of disaster preparedness and response, which we synthesize in the next section.

Application of Evaluation Criteria to the Disaster Response Literature

This section discusses our application of the evaluation criteria to the disaster response
literature: network design, inventory management, supply chain coordination and management of
incentives, management of information, volume-outcome associations, and incident command.
Use of these evaluation criteria facilitates an assessment of the structure, timeliness, and capacity
of regionalized disaster response systems. None of the included articles presented information
relevant to postponement and modularization.

Network Design. The key elements of regionalized disaster responses include mutual aid
agreements, available hospital capacity, available trained personnel, and available morgue
capacity. Procurement and placement of relevant material is also a key component of a well-
designed network for disaster response; material and supplies will be discussed under Inventory
Management and VVolume-Outcome Associations.

Mutual Aid Agreements. Mutual aid agreements are the primary method of regionalizing
disaster responses.**® %% These agreements provide surge capacity to local jurisdictions when
basic services such as law enforcement, firefighting, and health services are overwhelmed.
Mutual aid agreements enable localities to expand surge capacity at minimal cost, as each
individual locale does not have to maintain inventories of supplies and personnel at maximal-
preparedness levels. In addition, such agreements facilitate multi-region involvement if a

40, 42, 438, 441-477
39, 104, 478-501

“References
'References
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disaster becomes too large for a single area to manage alone or if a disaster encompasses
multiple regions.

Having started as a statewide agreement among California fire and law enforcement agencies
in the 1950s (Figure 6), statewide mutual aid systems now exist in many U.S. states.**® Under
mutual aid, local jurisdictions who expect to exhaust their own resources call on neighboring
jurisdictions for assistance, according to mutually agreed upon rules for deployment and
reimbursement. If the resources of a mutual aid region are expected to be overwhelmed, the
region may also request state assistance. Several states have developed information systems that
link members of the mutual aid regions. For example, California's Response Information
Management System (RIMS) is a secure Web-based system (with access limited by user type)
designed to coordinate and manage the State's response to disasters and emergencies.****

Figure 6. Office of Emergency Services Mutual Aid and Administrative Regions

Finiergy ices
Mutual Aid and
Administrative
Regions

Inland

Southern
Region

Map publicly available. **°

Whereas mutual aid agreements are typically within states, neighboring states have
developed regional agreements for disaster management (particularly important for states like
Tennessee with multiple neighboring states). In 1992, the 19 members of the Southern
Governors’ Association, responding to the massive destruction caused by Hurricane Andrew in
Florida and Louisiana, developed the Emergency Management Assistance Compact.**” **® The
design of the Emergency Management Assistance Compact was complicated by the
heterogeneity in participating states’ constitutional and statutory laws. Party states
independently resolved legal questions associated with the compact such as “whether a governor,
absent specific statutory authorization, had the power to grant good faith immunity to relief
workers from another state or to spend money out of state on interstate assistance.”*’ The
Emergency Management Assistance Compact has been highly effective, and since being

“ An example of a mutual aid disaster response that could have been facilitated by more robust information management occurred
following the 1989 Loma Prieta earthquake in the San Francisco Bay Area. Three counties (Marin, San Mateo, and Santa Clara)
sent ambulances to San Francisco County in response to a mutual aid request, increasing San Francisco’s ambulance capacity by
300%. However, radio frequencies used by these three ambulance organizations were not compatible, so dispatch centers were
unable to track all units under their control. The result was that some ambulances idled, awaiting instructions, while others

struggled to respond to multiple calls simultaneously.478
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approved by Congress in 1996, has been adopted by all states and U.S. territories except for
California and Hawaii.*" *°

The Emergency Management Assistance Compact is currently working to develop a 50-state
database of available assets sorted according to standardized categories for each type of disaster
(standardized aid packages describe the number and types of personnel and equipment needed
for a given disaster response).**® A barrier to the comprehensive utility of the Emergency
Management Assistance Compact during a bioterrorism response (i.e., its ability to serve as the
nation’s mutual aid agreement) is that it is not in effect nationally. California, with its own long-
standing agreements, has legislation and mutual aid contracts in place that conflict with the
Emergency Management Assistance Compact.**® Despite this, those states that have ratified the
Emergency Management Assistance Compact are using it.

There are numerous examples of the Emergency Management Assistance Compact
partnerships resulting in expedited regionalized disaster responses. In September 1998, as
Hurricane Georges, having devastated Puerto Rico and the Caribbean, headed north to the
Florida Keys, officials knew from prior hurricane experience that they would not be able to
evacuate patients with special medical needs from the Keys to the mainland on the single
highway connecting the two. Florida officials requested use of Emergency Management
Assistance Compact partner North Carolina’s medical evacuation aircraft, which were
immediately dispatched and effected a rapid rescue of this vulnerable population. The
Emergency Management Assistance Compact also provides interstate aid for disasters other than
hurricanes. In response to ten Emergency Management Assistance Compact states sending help
to Florida during its 1998 wildfires, Florida Governor Lawton Chiles stated, “Thanks to our
compacts with other states through our Emergency Management Assistance Compact program,
we got the help we needed. The coordinated effort during the fires is proof of the value of these
compacts.”**" 449

Regionalization of response for disasters often requires a coordinated international response
with Canada or Mexico, particularly in cities close to the U.S. border. Extensions of mutual aid
agreements have also developed between U.S. cities and states and their neighboring
communities in Canada and Mexico. The La Paz Agreement, signed in 1983 by Presidents
Ronald Reagan and Miguel de la Madrid Hurtado, identified 14 pairs of cities along the United
States-Mexico border in need of joint response plans for disasters.”! An analysis of the disaster
response plans, personnel and equipment covered by a mutual aid agreement between El Paso,
Texas and Juarez, Chihuahua, Mexico highlighted key problems in developing a joint plan: the
development of written plans was complicated by conflicting international laws, worker’s
compensation, insurance, and cross-border communication frequencies; and lack of international
incident command structures, bilingual databases and community notification systems.***

The mutual aid agreements that have been developed for disasters serve as a framework for
regional agreements for bioterrorism preparedness and response. The literature on mutual aid for
disasters highlights key considerations relevant to regional mutual aid for bioterrorism. First, the
establishment of these agreements requires careful pre-event consideration of liability issues,
remuneration, and licensing. Second, design of international mutual aid agreements with
Canadian and Mexican regions require consideration of international law, multi-lingual
information technologies, and heterogeneity of disaster resources.

Hospital Capacity. Following a disaster, hospitals must provide immediate care to injured
victims, continue providing primary care to the populations they serve, and may themselves be
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the victims of the event (either directly through plant and equipment damage or indirectly
through loss of staff who are victims themselves or who are caring for family members). Similar
to a bioterrorism event, both natural and manmade disasters can rapidly generate large numbers
of casualties requiring urgent medical attention.*’**3" Hospital response systems have been
designed to assist victims of disasters in the hours and days following an event. For example, the
Medical Disaster Response Model is designed to mobilize local clinicians to provide immediate
medical care in a carefully planned, regionalized system where clinicians initially provide care to
injured victims in the field then move to pre-designated disaster medical aid centers, finally
converging on pre-designated regional casualty collection points.*®

A critical component in effective triage during a disaster is having real-time data on regional
hospital capacity and bed availability. For example, immediately after the Loma Prieta
earthquake, California’s Emergency Medical Services Administration began a statewide bed and
resources inventory. Before it could be completed, the bed count was discontinued, as it was
clear by then that hospital capacity in the Bay Area would be sufficient to meet the needs of
victims injured in the quake. However, 2000 available beds had been identified in unaffected
regions of the state.*®® Similar activities occurred following other major disasters: after the
September 11 attacks on the World Trade Center, the Greater New York Hospital Association
worked to amass bed availability information and tracked patients so they could be located by
families.*®*

These systems that track hospital capacity, numbers and locations of patients, and estimate
the need for additional beds could serve a key role during a local or regional response to
bioterrorism. However, none of the included articles specifically evaluated various strategies for
estimating available surge capacity or for methods of enhancing local hospital capacity for
bioterrorism-related events.

Response Personnel. Disaster responses often require large numbers of personnel. Response
personnel typically consist of local responders, who are usually first to the disaster scene, and
regional response teams, which may be activated once news of the disaster spreads. Local
response personnel include trained professionals such as fire, police, and emergency medical
personnel and trained volunteers, as well as untrained volunteers. Trained local responders are
often sufficient for key response tasks, even following a major disaster. For example, following
the 1994 Northridge earthquake in Southern California, the Los Angeles County public health
department created 12 interdisciplinary assessment teams that were sent primarily to “high-risk”
areas to provide public health education, environmental health assessment, mental health
counseling, and first aid to victims of the earthquake.*® Trained volunteers can augment the
professional response. For example, prior to the 1989 Loma Prieta earthquake, the local
American Red Cross chapter in one devastated Bay Area community had established close links
to a local amateur (Ham) radio club. Immediately following the earthquake, when this
community sustained extensive damage, the Red Cross chapter was able to leverage the pre-
existing personal and professional relationships to provide emergency communication among its
responders, even when telephones were not operating.**®

Community members without specialty training can also contribute significantly to a local
response. For example, taxis and taxi drivers played an important role following the 1995 Tokyo
sarin attack because, unlike the EMS system, their communication and dispatch system was not
overloaded. As a result, 25% of sarin victims were transported to the hospital by taxi. However,
because the taxi dispatch system had no way to direct drivers to those hospitals able to accept
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patients, many taxi-transported patients arrived at hospitals lacking capacity. For future Tokyo
disasters, an informal taxi surveillance system has been implemented in which taxi drivers now
report disasters to their dispatch center as soon as they are observed. However, this system offers
no protection to taxi drivers responding to chemical or biological attacks, as drivers have not
been given protective equipment or training.*

Other programs have invested more significantly in training and equipping community
members for disaster response. For example, the Community Emergency Response Team
Program originated in Los Angeles following the 1987 Whittier Narrows earthquake, and has
since been promoted and supported by FEMA. Community Emergency Response Team trains
community members to offer “immediate help to victims until professional services arrive.”**
Residents are trained to extinguish small fires, provide basic medical aid, rescue victims safely,
and collect disaster intelligence.*® Community Emergency Response Team members are often
organized into neighborhood response teams.”® Forty-eight states and six foreign countries
currently have Community Emergency Response Team programs.40

Programs like Community Emergency Response Team underscore an important strength of
local responders: they generally can arrive before regional responders. This timeliness of
response may be critical during the response to a bioterrorist event. For example, following the
Singapore Airline disaster in 2000, a contingency plan indicated that a Site Medical Team would
be called to treat victims at the scene. However, the team did not arrive until 30 minutes
following the crash—a delay that was concordant with planning and practice.”*” When the team
arrived, members discovered that all critically injured patients had already been triaged and
transported by local emergency transport vehicles. These vehicles had arrived within 15 minutes
of the crash, and their quick response was credited with saving numerous lives.*®’

In addition to local responders, regional response teams with expertise in emergency
management are often deployed to disaster sites. Numerous organizations, including the federal
government, military, and professional volunteer organizations sponsor and support such teams.
For example, the International Federation of Red Cross and Red Crescent Societies have
participated in many of the responses described in Table 11. Recent regional restructuring has
allowed the Red Cross’s Field Assessment and Coordination Teams to save money and better
coordinate response efforts among local, regional, and international responding organizations.*®
An international pool of approximately 200 trained Field Assessment and Coordination Team
members with expertise in disaster assessment and response are on call at any given time. From
this group, teams of six or seven members are typically deployed from the international Red
Cross headquarters in Geneva within 12 to 24 hours following a disaster.”®® This team makes a
report that can be used to coordinate the response efforts of each local Red Cross organization
(this is compared with earlier practices of numerous response organizations each performing
their own needs assessment prior to mobilizing response personnel and equipment).*®® Field
Assessment and Coordination Teams have been augmented by Regional Intervention Teams that
provide integration with regional responders who are often more familiar with the host country’s
language and culture.*®®

The federal government also deploys trained response teams to U.S. disaster scenes. For
example, following severe hurricanes, Disaster Medical Assistance Teams are typically deployed
and provide primary care services or augment overloaded local medical service providers.*®*
Ten Disaster Medical Assistance Teams were placed on “standby alert” following a hurricane
watch for Hurricane Andrew in 1992. A total of 16 Disaster Medical Assistance Teams were
deployed to assist in the response and recovery following Andrew, which caused unprecedented
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destruction in southern Florida and Louisiana. Teams deployed later in the response also served
as replacements for exhausted teams that had been deployed earlier.**°

In addition to civilian government responders, various branches of the U.S. military also train
and maintain regional response teams for disaster preparedness. Such teams may be deployed to
assist civilian communities following a major disaster. Some teams receive specific training to
respond to bioterrorist events. For example, the Army National Guard maintains a Weapons of
Mass Destruction Civil Support Team in each federal region.*® These teams (also described in
the “Bioterrorism Preparedness Programs Sponsored by the Department of Defense” section)
consist of 22 Guard members, trained and ready for domestic deployment to either a chemical or
biological incident.**® Following deployment, teams may fall under either state or federal
control.***

There are two key advantages to regional response teams for disasters and bioterrorism.
First, regional placement allows for fewer responders to be trained, since one team can serve a
broad area. Additionally, teams may benefit from more consistent deployment, adding to
responders’ experience and reducing the risk that training will decay if not reinforced. The
section below on volume-outcome associations discusses this concept in greater detail.

However, we found no specific evidence that describes optimal strategies for regionalization of
highly trained personnel for bioterrorism or disaster preparedness (e.g., evaluation of the number
of highly trained response teams required for a region), alternative methods for enhancing the
cross-training of local personnel (e.g., local pharmacists used for triage functions during a
bioterrorism response), or for the best methods of coordinating the activities of local and regional
response personnel.

Morgue Capacity. Due to their ability to cause a large numbers of deaths in a very short
time, disasters can seriously strain morgue capacity. For example, in the case of the Loma Prieta
earthquake, 57 of 63 deaths occurred within two minutes of the earthquake, and 42 of these
deaths were in one small geographic area.*’”® Bioterrorism events have a similar potential: recent
estimates suggest that a smallpox attack on a major U.S. city could cause as many as 100,000
deaths.**> However, we found no information regarding emergency preparedness or disaster
response at morgues and other facilities for fatality management.

Inventory Management. Disaster responses can require enormous quantities of supplies,
which are often needed immediately. Inventory management plays a critical role in ensuring that
such needed supplies arrive in a timely fashion. While we found little discussion of inventory
management in connection with disaster response in our literature review,” three key inventory
management issues are relevant to regionalized approaches to disaster response. First, a needs
assessment must be performed for each locale to determine the amount and type of resources
required for a disaster response.*®® *8% Most often, this occurs after an event; however, for areas
that are subject to annual or seasonal events (e.g., hurricanes), pre-event planning for expected
disasters can take place. Second, determinations as to which organizations are responsible for
purchasing, inventorying, and delivering different resources must be transparent and shared with
all responders.*88-489-500. 501,503 Finally  inventory distribution plans must be developed.

*

We direct interested readers to the Fritz Institute (www.fritzinstitute.org), an organization whose mission is to “strengthen the
infrastructures of humanitarian relief organizations by mobilizing logistics and technology expertise and resources from the
corporate and academic communities.” The Fritz Institute has developed software, currently in use by the International
Federation of the Red Cross, to facilitate tracking of needs and resources during a disaster response.
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Inventories can be pre-placed so that they are readily available during a disaster or can be
transported to affected regions after an event occurs.*8® 489 500. 501503 A ltarnatively, some
humanitarian aid agencies have developed software systems, such as the Pan American Health
Organization’s Humanitarian Supply Management System (SUMA), to track the arrival and
distribution of humanitarian supplies as they arrive following a disaster. °*

Following its 1998 response to Hurricane Mitch, the International Federation of Red Cross
and Red Crescent Societies determined that pre-positioned supplies were necessary to facilitate a
timely response to victims’ needs. Thus, the Red Cross established agreements with local
vendors in hurricane prone areas.”®® These agreements specified the price to be paid for relief
supplies and stipulated that the supplies would be stored in the vendors’ own warehouses. Such
warehouses are consistently stocked at a certain inventory level according to Red Cross needs.*®
According to these agreements, vendors assume the cost of warehousing and of stocking
additional supplies, not the Red Cross.*® The Red Cross also maintains its own regional
warehouses and logistics units for further pre-positioning of supplies.*®® We found no specific
evidence that evaluates key questions with respect to inventory management for disasters
including assessments of methods to determine the size, location, or contents of pre-placed
inventories.

Disaster Response Coordination and Management of Incentives. The included articles
addressed the incentives of mutual partners, but did not specifically address the incentives of
other responders. Since the establishment of California’s comprehensive mutual aid agreements,
numerous conflicts have occurred over payment for assistance provided, and liability insurance
covering responders.”® The California master mutual aid agreement specifies that responding
jurisdictions retain control of their own personnel and facilities and that no party is required to
deplete its resources to a point that endangers its ability to manage a local response. However,
mutual aid is mandatory during “conditions of extreme peril or declared disaster.” In some
cases, mutual aid partners have resisted providing mutual aid, principally for economic reasons,
despite being called on to do s0.*° In contrast to California’s intrastate system of mutual aid,
states requesting help under the Emergency Management Assistance Compact are responsible for
“reimbursement of all out-of-state costs and accept tort liability for out-of-state personnel.”**
“States ask for out-of-state assistance only when they need it and can cover the costs. States
know sending aid will not be a financial or legal burden.”**

Management of Information. Management of information can affect every aspect of a
disaster response. Some information about a disaster may be available before it occurs, allowing
planners and the public extra time for coordination and planning. For example, because
hurricanes are somewhat predictable, information from preceding years can inform future
disaster preparations. The most critical information management and communication challenges
often occur during the immediate post-event and disaster response phases, when infrastructure is
likely to be overloaded and may be damaged or even destroyed. During these phases, effective
communication among decisionmakers, responders, and the public is crucial.

Communication Among Decisionmakers and Responders. During a disaster,
decisionmakers and responders have three main information requirements. First, decisionmakers
require continuously updated information about local needs and available local and regional
resources. Second, the information required to maintain a clear chain of command must be
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readily available to decisionmakers and to the responders under their command. Finally,
information about response task performance and response outcomes is essential for iterative
improvements of disaster responses.*

Numerous commercial systems are available to facilitate disaster communications (e.g.,
California's Response Information Management System (RIMS). For example, most counties in
the San Francisco Bay Area use the very high frequency Hospital Emergency Administrative
Radio system in a disaster.**® This system links all hospitals in a single county to a dispatch
system. The system is organized at the county level, which also controls the EMS, and allows
overloaded hospitals to divert ambulances to other hospitals with excess capacity.**® However,
such systems do not always function in a large-scale disaster. For example, following the 1995
Tokyo sarin attack, EMS communication systems lost contact with physicians at the Tokyo
Metropolitan Ambulance Control Center. Because paramedics in Japan are prohibited from
performing certain advanced life support activities without case-by-case permission from a
physician, this loss of communication resulted in delayed treatment for victims.*

Communication with the Public. Systems for communication with the public can be
grouped broadly in two categories: alert/warning systems intended to provide generalized alerts
and to notify the public of an increased risk of a bioterrorism event, as well as news and
information outreach systems that provide detailed information about particular events.

Among the included articles, we found one evaluation of a public alert/warning system.*’
This study evaluated the use of sirens as tornado warning systems. The study found that
although people in communities served by a tornado siren are more likely to get their initial
warning of an imminent tornado from a siren than from television or radio news, these residents
are no more likely to seek shelter than those not served by tornado sirens (only about 30% of
people in either group reported seeking shelter after receiving a tornado warning).**’

A warning system of particular relevance to bioterrorism is the Homeland Security Advisory
System. Created by presidential directive in March of 2002, this system uses five colors to
represent perceived levels of threat to national security ranging from Red (severe threat) to Green
(low threat) (Figure 7).**® The perceived threat levels are assigned by the Attorney General in
consultation with the Secretary of the Department of Homeland Security and others based on
intelligence information. Since its inception, this system has remained primarily at Yellow Alert
(elevated). As of August 10, 2003, the system has gone to Orange Alert four times.**® The
Advisory System requires the executive branch of the federal government to comply with a
system of “Protective Measures” corresponding to each threat level. Additionally, the
presidential directive that created the system encourages other departments and branches of
government at every regional level to create their own list of “Protective Measures” to be
instituted should the nation be placed under increased alert.**® “®° The Advisory System is also
intended to integrate with other alert systems used by decisionmakers in other federal agencies
(e.g., the Department of Transportation, the Department of Agriculture) as well as officials at the
state and local levels. The Advisory System aims to provide a “common language” for each of
the nation’s alert systems, allowing responders and the public to more easily interpret risks and
threats.” However, according to the recent State of America’s Cities survey conducted by the
League of Cities, only 20% of American cities currently use the National Homeland Security
Advisory System (although 71% of large cities either use the system or are working to

“ The Advisory System was designed for communications from the federal government to other regional and local agencies—it
was never designed to communicate with the public (although it is now being used that way).
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implement it).*> %% The system continues to be developed, and may benefit from providing
more specific alerts to localities rather than issuing a warning for the nation as a whole (thus
avoiding unnecessary spending by localities unaffected by the perceived threat), and from
providing responders with more information about appropriate measures to take in response to a
given threat.”®

Figure 7. Homeland Security Advisory System
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During an emergency, the public can also receive information via disaster-specific media
channels. After the 1994 Northridge earthquake, victims were kept updated by an extensive
FEMA media effort that included “reports, memos, summaries and updates.”** Six days after
the earthquake, FEMA established the Recovery Channel, which was shown by local television
stations and in disaster response centers such as shelters and disaster relief application centers.
The following week, FEMA began publishing the Recovery Times, a newsletter with specific
information for victims, updating them about the status of the recovery and providing
information about where and how to apply for assistance.**

Volume-Outcome Associations. The included articles support the concept that increased
disaster response experience is associated with better response outcomes.*®® After the 1989
Loma Prieta earthquake, residents of one community who had responded to many disasters,
including mudslides and wildfires, contributed significantly to a high-quality response.*® The
ongoing risk of natural disasters increased the experience of local responders and compelled the
community to plan and participate in disaster training exercises.*®®

Conversely, lack of experience has negatively impacted disaster responses. For example,
during the 1990 Texas floods, one community’s Red Cross chapter had only a single paid
employee who was relatively new to the job and had no experience planning for or responding to
disasters.”®® As a result, the quality of the local response was inadequate, prompting deployment
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of national Red Cross volunteers who stayed for three weeks, providing the “backbone” of the
local chapter’s response.*®

Such findings have important implications for regionalization of disaster and bioterrorism
preparedness. First, personnel with experience in disaster response are often few in number.
Staffing them at a regional level ensures wider availability of this scarce resource and allows
local areas to spend their money elsewhere. (However, redundancy in the system through the
allocation of some resources locally can enhance capacity when a large region is affected.)
Second, because regional staffing models cover a wider geographic territory, they are therefore
more likely to encounter disasters, thus improving their experience.

Incident Command. The 1900 Great Hurricane in Galveston, Texas resulted in more than
1000 casualties and led to the development of the modern approach to city management.™** The
broader lesson of the Great Hurricane remains: the more complicated a response becomes, the
more necessary it is to have a strong chain of command. This is particularly true when the
response involves a large region and many diverse responders (especially regional responders
who may never have previously worked together). This chain of command must be established
and agreed upon before the event occurs. The chain of command must be integrated to include
all responders and must allow resources to be rapidly deployable.** **

During a regionalized disaster response, it is essential to establish whether a local, regional,
or federal agency is in command. Typically, incident command begins with local responders, as
they are usually the first to the scene. Understanding when and how command changes as
additional resources are called in is important to maintain an effective response to a disaster.
Protocol should be defined prior to an event, and should clearly lay out changes in command.
Lack of such protocols might lead to difficulties such as those experienced during the response to
the 1989 massive Exxon Valdez oil spill off the coast of Alaska.*** Following the spill, some
time-sensitive cleanup actions, such as the application of dispersing agents and the burning of
oil, were delayed due to competing contingency plans and a confused chain of command.**?
There was no established authority under which Exxon could assume control of the cleanup from
local port authorities. After Exxon assumed control, it became clear that the corporation had no
standing contingency plan for the geographic area where the spill had occurred, and that all
response logistics would have to be created de novo. Ultimately, the response and cleanup were
controlled by a triumvirate consisting of the president of Exxon Shipping Company, a Rear
Admiral of the U.S. Coast Guard, and the Commissioner of the Alaska Department of
Environmental Conservation. However, this command structure was not in place until more than
two days after the tanker ran aground.*®?

For efficient disaster response, chain of command must be established as quickly as possible
following the occurrence of the disaster. The Incident Command Center of the New York City
Department of Health was activated only 32 minutes after the first plane crash on September 11,
2001.%®* The New York City Department of Health was aided by previous disaster planning and
drills. The disaster literature provides compelling evidence that emergency management,
including that which would be required for a bioterrorism response, is facilitated by a clear chain
of command.>*>%

“In response to the disaster, the mayor of Galveston assigned each essential response task to a single individual. This system
worked so well that it became the basis of a new city charter and Galveston was the first in the country to be governed by a core
team of commissioners.**!
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Lessons Learned from the Disaster Literature for the Regionalization
of Services for Bioterrorism Preparedness

From our review of the disaster response literature, we synthesized three key lessons learned.

1. Information management, using common technology platforms, is essential for assessing
the needs of the local community and the resources available to them, and for
coordinating responses from regional agencies. The disaster literature emphasizes the
need for updated information so that response resources can be dispatched to those in
need in a timely manner. Bioterrorism responses may benefit from a common technology
platform. These may be as simple as a common radio frequency or as complicated as
multiple computer networks from different regions communicating with each other to
exchange information on resource placement and availability.

2. A key component of effective regional responses to disasters includes mutually agreed
upon pre-event protocols that establish chain of command structures. The evidence
suggests that these protocols are most effective when they delineate the chain of
command for an event at several levels: a chain of command utilizing only local
responders should be established, as should plans for how the chain of command
changes when regional and federal response agencies become involved.

3. Mutual aid agreements are key components for providing surge capacity for regional
response to disasters. These agreements ensure that every locale does not have to be
staffed and prepared for a maximal intensity event. They enable risk to be spread among
several locales, and provide cost-sharing of disaster preparedness. Mutual aid
agreements for bioterrorism are likely to benefit from careful pre-event consideration of
liability issues, remuneration, and licensing.

Table 11. Lessons Learned From Regionalized Responses to Disasters

System Description of System and its Regionalization Lessons Learned
The Homeland Uses colors to describe the level of terrorist threat from Red (severe A warning system benefits
Security threat) to Green (low threat) (Figure 7). Threat level set by the Secretary  from specifying actions to
Advisory of Homeland Security, in coordination with other officials. Most alerts are  be taken for a particular
System”*9462 given on a national basis and not regionalized or otherwise limited to alert.
geographic areas or specific terrorist targets.459' 460
Emergency Alert  General alert system used to issue warnings about weather Pre-event designation of
System*®®#%7:%7  emergencies and other natural disasters. Fully integrated with the communication resources
National Weather Service and FEMA. The system includes the facilitates the timeliness of
Radiological Emergency Preparedness Program, which requires all alerts issued to the public.

broadcast media to purchase and maintain equipment for the automated
broadcasting of emergency messages. The Radiological Emergency
Preparedness Program additionally designates 30 National Primary
Stations (both radio and television), which are required to automatically
broadcast presidential messages.
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System

Description of System and its Regionalization

Lessons Learned

Aviation Incident
Response (AIR)
Team*®®

AIR Team members are mental health professionals with special
aviation incident/grief counseling training and experience. Sponsored by
the American Red Cross, AIR Teams are drawn from a pool of 400
trained mental health professionals deployable immediately following a
domestic aviation disaster. Members of the AIR team are positioned
near everg/ major U.S. airport, allowing for timely deployment following a
disaster.**®

Regionally organized and
localized groups of highly
trained professionals can
be rapidly deployed to
augment services
available locally.

Renal Disaster
Task Force®®®

Maintained by the International Society of Nephrologists for disaster
response, an advance team of nephrologists performs a needs
assessment, after which additional assistance in the form of equipment,
logistic support, transportation, and personnel are delivered. In the case
of the 1988 Armenian earthquake, the Task Force established a
presence in Armenia within 24 hours of the disaster and provided
dialysis to nearly 500 people suffering from acute renal failure following
crush injuries. The Task Force is internationally organized in three
regions. Each region maintains rosters with the names of volunteers
who can be deployed on short notice, as well as stocks of hardware and
supplies to facilitate a response to a major earthquake requiring renal
intervention.

Regionally organized
groups of highly trained
professionals can be
rapidly deployed to
provide services
unavailable locally.

Medecins Sans
Frontieres
(MSF)469-473, 494

The mission of MSF is to provide “emergency medical assistance to
populations in danger.” MSF operates under a formal hierarchy that
includes four international regions with operations in 80 countries to
which it dispatches over 2500 volunteer medical personnel.*”®

Highly trained volunteers
can be rapidly deployed to
augment a local response.

Urban Search
and Rescue
(USAR)
Teams™®

Maintained by FEMA, the 28 regionally located USAR teams are highly

trained and equipped to travel to disaster scenes to rescue victims from
collapsed buildings. Following the 1995 bombing of the Alfred P. Murrah
Federal Building in Oklahoma City, FEMA deployed 11 USAR teams.

Regionally established
teams with training and
equipment can provide
essential services
unavailable locally.

Marine Corps’
Chemical and
Biological
Incident
Response Force
(CBIRF)474’ 475

This team is trained in weapons of mass destruction mitigation services
including security, medical aid, decontamination, and search/rescue.
Based in North Carolina, the 350-person team is designed to be
deployed anywhere in the United States in response to a known
incident, or can be pre-positioned at a high-risk mass gatherings such as
the Olympic Games or a political inauguration.*’®

A single, highly
specialized team may
contribute to local
responses.

Mental Health

Created by mental health responders following the September 11, 2001

Response agencies with

Community attack on the Pentagon, it includes representatives from a variety of similar or related purposes
Response response organizations such as the American Red Cross, the Virginia can effectively coordinate
Coalition Disaster Response Network, and the Capitol Area Crisis Response disaster response services
(MHCRC)4% Team to manage the long-term mental health needs of those affected by in a geographic area.

the attack on the Pentagon. The group met regularly for months

following the attack to avoid duplication of efforts, prevent any single

agency from becoming overwhelmed, identify victims with unmet needs

(e.g., non-English speakers, friends of victims), and facilitate

collaboration and referral.*®®
World Food The principal United Nations agency responsible for famine relief. In The regional organization
Program 1999, the WFP fed 89 million people in 82 countries organized of the WFP facilitates
(WFP)*’ according to the seven regional bureaus. To facilitate its logistics, the famine surveillance, the

WEFP partners extensively with governments, other UN agencies, and
with non-government organizations. The non-government organizations
are largely charged with the transport, storage, and distribution of food
on behalf of the WFP.

establishment of
relationships between
WFP and local
governments, and more
consistent logistical
support.

Veterans’ Affairs
(VA) mobile
health clinics*®”
499

Deployable to the scene of national disasters to provide primary care to
victims (including non-veterans).**” Following the Northridge
earthquake, the VA hospital in Spokane, Washington sent mobile
outpatient medical clinics to the LA area.**® Mobile health clinics have
also assisted in the aftermath of Hurricane Andrew and 1993 Midwest
flooding.*®
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System

Description of System and its Regionalization

Lessons Learned

International
Federation of
Red Cross and
Red Crescent
Societies

(| FRC)488, 489

IFRC coordinates relief efforts of individual National Societies according
to a regional plan: The IFRC has 14 regional offices, 63 country field
offices, six sub-delegations, and two regional logistics centers. This
regional structure allows for graded levels of disaster response: National
Societies respond to small emergencies, regional offices respond to
mid-size emergencies, and the IFRC in Geneva responds to large
disasters.*® This plan required providing training to local responders at
the N%tgional Society level and pre-positioning supplies at the regional
level.

The regional organization
of the IFRC has developed
through iterative
application of lessons
learned from prior
responses.

United Nations
Joint Logistics
Centre

(UNJLC)SOO, 501

Coordinates logistics (particularly transportation needs) among UN
organizations operating in a single geographic area.’®® *°

Expert logistical support
can be coordinated and
may improve cost-
efficiencies for numerous
agencies working in the
same region.

Synthesis of Evidence about Regionalization of Emergency

Trauma Care

We searched the medical literature for examples of regionalization of the delivery of
specialized medical care (e.g., care for the severely burned, neonatal intensive care, and trauma
care). We found that regionalized trauma care was the most extensively evaluated. Thus, we
reviewed the literature in this area in more detail to identify lessons that could be applied to
regionalization of bioterrorism responses.

The purpose of the trauma care system in the United States is to provide rapid, coordinated
medical services to injured patients by matching “a facility’s resources with a patient’s needs so
that optimal and cost-effective care is achieved.” This purpose is achieved through a
coordinated system in which pre-designated trauma hospitals work with emergency medical
personnel to expedite the delivery of specialized trauma care. Trauma systems are relevant to
regionalization of bioterrorism preparedness and response for two reasons: trauma systems have
adopted regional approaches that can serve as models for regionalization of components of
bioterrorism preparedness and response, and elements of the trauma system such as hospitals,
emergency response personnel, management of patients, and communication systems are
essential components of a bioterrorism response. The following sections describe the
regionalization of trauma systems, present the results of evaluations of these regionalization
efforts, and summarize the evidence for and against regionalization of trauma-related services
relevant to bioterrorism preparedness and response.

Regionalization of Trauma Care

A regionalized trauma system includes classification of hospitals within the region according
to the services that they can provide, protocols for pre-hospital trauma care and transportation by
emergency medical personnel, and coordination of these pre-hospital and hospital-based
services.”” Regionalization of trauma care efforts in the 1980s and 1990s was spurred by a
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report from West et al. documenting significant differences in the preventable death rates
between San Francisco county, which had a regionalized system of care, and Orange County,
which did not.>*® Regionalizing U.S. trauma care was further enabled by legislation such as the
Emergency Medical Services Act in 1973 and the Federal Trauma Care Systems Planning and
Development Act in 1990, which provided assistance to states to “plan, implement, and monitor
organized trauma care systems.”* Currently in the United States, five states have systems that
meet all the criteria for a regional trauma care system. Only 24 states have trauma care systems
that function across the entire state.”2

Depending on the state, trauma care hospitals in the United States are designated by one of
four or five levels (Level I through IV or V). The criteria for designation of hospitals,
established by the American College of Surgeons,*® are based on the type and amount of
equipment, resources, and trained personnel available to the hospital.>® *** Level I hospitals
(also referred to as tertiary care centers) provide the most extensive trauma care. A region within
the trauma care system is typically defined as a geographic area that is served by at least one
Level I center. Rural areas are more likely to be served by a Level I11 or 1V center that
collaborates with the nearest Level | center located in a more urban area. Urban areas are more
likely to have Level | and Il centers. Regionalization of trauma care is based on the principle
that injured patients will be appropriately transported to the nearest hospital that can provide the
best possible care to the patient. The destination hospital is determined by emergency medical
personnel according to the severity of injury. The most severely injured patients are transported
directly to the nearest Level | center, bypassing the closest hospital if it is not a Level | center.
Less severely injured patients are transported to the closest hospital capable of meeting the needs
of the patient. *®

Summary of the Evidence of Regionalization of Trauma Care

We reviewed 98 articles and reports on trauma care. Of these, 74 articles and two
government reports described regionalization of trauma care.” Thirty-nine of these articles
presented evaluations of regionalization of U.S. and Canadian trauma care systems.” Table 12
presents the evidence from the 16 evaluations of trauma care regionalization with the greatest
relevance to bioterrorism preparedness and response.

Most evaluations of regionalization of trauma care either compare patient outcomes before
and after implementation of a regionalized trauma care system,* or compare outcomes between
trauma care centers and non-trauma care centers.® Mann and colleagues published a systematic
review of the published evidence regarding trauma system effectiveness and found that most of
the studies had systematic biases depending on the methodology used to assess trauma care
effectiveness.’® For example, panel studies could lead to biased results depending on the quality
of data available or whether assessments of preventability of death were made by individual
physicians or in a group setting.”?*>*! Other studies relied on data registries of questionable
reliability due to incomplete data, data collected for another purpose, or outdated data used for
comparison purposes.®’ >+ 52
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Despite these potential sources of methodological bias, 29 evaluation studies reported
improved outcomes associated with regionalization, including reduced mortality,” pre-hospital
time," costs of treatment,* and improved appropriateness of patient care.® The reviewed evidence
is comprised mostly of retrospective cohort studies or observational studies where the
comparison group differed by location or time period. Additionally, the published literature
mostly relied on hospital survival as an outcome measure, and restricted patient inclusion criteria
by injury severity or geographic location.”* Despite the limitations of the published data, the
results of evaluations of trauma care consistently favor regionalization. For example, a
systematic review of nine regionalized trauma systems®’ reported a 15%-20% improvement in
trauma-associated mortality after the implementation of regionalized trauma care.*”->** Miller
and Levy reported 15.5% lower costs per injury episode and $1,025 average per case savings in
states with regionalized trauma care.*’

Four key elements of trauma care regionalization are primarily credited with these improved
outcomes: 1) formal designation and accreditation of hospitals at the appropriate level >% %% 2)
implementation of protocols specifying patient triage and transportation to appropriate trauma
centers, 3) use of communication networks between pre-hospital care givers and hospital
personnel, and 4) availability and ongoing training of medical personnel to assess, triage, and
treat patients. In a prospective evaluation of mortality and pre-hospital time during the
regionalization of a trauma care system, Sampalis and colleagues reported a decrease in mortality
from 52% to 18%, with a decrease in mortality for each year of the study since the initiation of
the regionalization process.”® The regionalization stages were classified as: initial designation
of hospitals, establishment of triage and transfer protocols, and integration of hospital and
emergency services.>®® A regression model of the stage of regionalization and the risk of death
showed significant decreases in the adjusted odds ratio for the risk of dying at each advanced
stage of regionalization (i.e., each stage was significantly associated with decreases in mortality).
The study also reported a 30% reduction in pre-hospital time, a critical factor in reducing
morbidity and mortality.>® > In a systematic review of effectiveness of regionalized trauma
systems, the elements contributing to improved mortality were the designation of trauma
centers,*’ the development and implementation of appropriate patient triage and transfer
protocols,*>" and improved pre-hospital care.’’

Two other systematic reviews of effectiveness of regionalized trauma care systems provide
some evidence as to the importance of designation of hospitals in improving survival.>** **
Simons and colleagues compared mortality rates between trauma centers that had been
designated and accredited to those that had only been designated without formal accreditation,
and found significantly improved outcomes in the center that met all the criteria for
accreditation.®® Voeller and colleagues reported a relative risk of dying before establishment of
a regional trauma center to its establishment of a regional trauma center of 2.7 (p < 0.03). The
researchers suggested that the improved outcomes they observed were most likely due to the
designation of a tertiary care center, the establishment of triage protocols, improved pre-hospital
care through a communications network, and the availability of dedicated and specialized
personnel.>*
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The evidence suggests that geographic variations do not affect the importance of the key
components of regionalized trauma care systems. Communication, designation, triage, and
transportation protocols still play an important role in establishing regionalized trauma care
systems in rural areas.>®* However, it might be important to tailor particular components
according to the location of the system.>*® For example, for regional systems in a primarily rural
or remote area of the country, designation of hospitals may concentrate on Level IV or V
hospitals rather than Level | hospitals, or protocols for patient triage and transfer might focus on
patient treatment and stabilization before transport to a tertiary care center rather than reduction
in pre-hospital time.>*® >3

Application of Evaluation Criteria to the Trauma Literature

The following section presents results of applying the relevant evaluation criteria to the
trauma literature: network design, coordination of trauma services and management of
incentives, management of information, volume-outcome associations, and incident command.
None of the included articles presented information relevant to inventory management or
postponement and modularization.

Network Design. The design of a regionalized trauma system provides for the designation
of centers with highly specialized trauma care capabilities, including highly specialized
personnel, surgical capacity, and specialized resources and equipment in urban areas, with less
advanced centers in rural areas. This designation of hospitals, and the number and levels of
centers, varies for different geographic regions. To achieve improved quality of trauma care at
decreased cost, a trauma system requires a carefully determined number of hospitals at each level
in the system. The number and level of centers established within a given area depends on the
number of trauma patients expected in that area, the size of the population, and the population
density. One report estimated that “75 to 90 macro-trauma/EMS regions would be appropriate
for the nation.”™ Eastman and colleagues estimated that one trauma center could serve 500,000
to two million people, based on an estimate of 0.5 to 1 major trauma patients per 1,000 people
per year.>*® They further calculated that in an urban area, with a population density of 10,000
people per square mile, one center could serve people in a 5.6 mile radius, whereas in a suburban
area, with a population density of 1,000 people per square mile, the center could serve people in
a 17.8 mile radius.”*® Some authors have suggested that the number of Level | centers serving a
particular geographic region be limited to enable Level | centers to achieve a certain level of
experience. Implementation of this policy led to a decrease in Level | centers in Oregon’s
statewide trauma system from five to two.***" However, we found no evidence that specifically
evaluates variations of the number and level of trauma centers within a geographic region.
Efforts to regionalize bioterrorism preparedness will need to consider the character of the area
served and the population density.

Coordination of Trauma Services and Management of Incentives. The included articles
highlight two key motivators of regionalization of trauma care: legislative mandates and funding
and reimbursement issues.

Regionalization of trauma systems in the United States occurred primarily due to legislative
mandates (such as the Emergency Medical Services Act in 1973 and the Federal Trauma Care
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Systems Planning and Development Act in 1990).>*® Despite these legislative mandates, the
government has provided limited financial support for the development and support of trauma
systems,* an oversight that has been strongly criticized.*®* Eastman and colleagues estimated
that the reimbursement for trauma patients on average results in a loss to the hospital of 19% of
costs per patient.”** Economic disincentives, including inadequate reimbursement for medical
care, lack of governmental assistance, high operating costs, and high levels of uncompensated
care, have led to closures of trauma centers.®* One study reported that 95 hospitals had dropped
their trauma designations.”®" Furthermore, the specialized personnel providing care at trauma
centers are inadequately reimbursed.’**

Funding and reimbursement issues will play an important role in decisions regarding
regionalization of bioterrorism preparedness. At this time it is not clear how hospitals
participating in these efforts will be reimbursed. The primary payers of trauma care
reimbursement, including private insurance companies, Medicare, and Medicaid, will have to
engage the federal government and hospitals in dialogue, so that the incentives for hospitals to
provide specialized bioterrorism care are clearly understood.

Management of Information. A key feature of effective regionalized trauma care is the
implementation and maintenance of trauma care data registries that facilitate the ongoing
evaluation of regionalized performance, and the identification of areas for performance
improvement.>*® %3157 Hospitals participating in statewide trauma registries can regularly audit
their performance and compare it with that of similar hospitals in the system. This quality
improvement process enables hospitals to identify gaps in care and target areas for focus.
Iterative quality improvement processes are also relevant to bioterrorism preparedness because
bioterrorism response systems will need to regularly monitor and update their plans and
protocols.

Volume-Outcome Associations. Regionalized trauma care systems achieve cost savings
and improved outcomes by concentrating the treatment of severely ill patients at trauma
centers.®*3® The premise underlying this volume-outcome association is that limiting the number
of tertiary care centers, according to community need, leads to increased experience in treatment
of severely injured patients, and thus improved outcomes. Cost savings are achieved by limiting
the provision of expensive medical services to selected centers. The Oregon Trauma System,
considered a model for a regionalized statewide system, specifically limits the number of tertiary
care centers to achieve this level of experience.*” Nathens and Maier concluded that the “limited
direct evidence coupled with the extensive indirect evidence...[showed that] experience
improves outcomes and that volume plays a critical role in the accrual of experience” for trauma
care centers.®® In a review of the Portland Trauma System, Mullins and colleagues reported that
patient survival increased when the number of severely injured patients treated at each tertiary
care center exceeded 350 patients annually.>* Guidelines from the American College of
Surgeons provide information as to the number of patients in different injury categories that
should be treated at Level | centers for these centers to be cost-effective and maintain
proficiency.’®®

Efforts to regionalize bioterrorism preparedness should take into consideration the volume-
outcome association. It may be that restricting the hospitals providing care to patients during a
bioterrorism event will result in those hospitals having better protocols and more experience in
providing such care.

80



Incident Command. An established and centralized system for command and control is a
key factor of trauma care regionalization. Because responders are often in the field or other
disparate locations, communication systems form the foundation for command and control in
trauma care.

An emergency communication system, like an emergency 911 system,”* enables emergency
medical personnel to reach the site of the accident in a timely manner. Furthermore, a
centralized communications network permits the coordination of care in the field. It also serves
as a link between hospital personnel and field personnel, thereby enabling hospital personnel to
be informed of the status of injured patients, and to prepare for their arrival.>*® It can also be
used in areas with more than one appropriate destination hospital to check for availability of beds
and to triage patients to that hospital. This centralized communication system could play a
similar key role in a bioterrorism response.

Lessons Learned From Regionalization of Trauma Care

The evidence we reviewed suggests that regionalization of trauma care has led to decreased
morbidity and mortality among severely injured patients. The literature further implies that these
improved outcomes may be due to the large volume of patients seen at specified trauma centers
as a result of the regionalization process. This association is highly relevant for bioterrorism
response planning since the availability of skilled, specialized care could impact the outcome of
exposed patients. Five issues from the process of trauma care system regionalization might be
considered during the planning of a regionalized bioterrorism response system.

1. Pre-event hospital designation contributes to lower costs and improved patient
outcomes. The evidence from trauma care regionalization suggests that a key component
of high quality, cost-effective care is limiting high-cost specialty care to specifically
designated hospitals with increased experience in treating severely injured patients. A
bioterrorism response system may benefit from the pre-event designation of hospitals.
Such designation may allow facilities to ensure that they have all the resources and
personnel they need for a bioterrorism response, ensure that emergency medical
personnel know where to take exposed patients, and may allow the public to be directed
to the appropriate hospitals in case of a bioterrorism event. Furthermore, a hospital
designated prior to a bioterrorism event could have the various infection control
equipment in place (e.g., negative pressure control rooms) which could be used during a
bioterrorism response but which could also be used routinely for treatment of other
communicable diseases. The designation of hospitals allows a clear understanding
among all medical services personnel about the role of each hospital and the services it
will provide. Such designation also allows planners to determine the number of
hospitals at each level that will be required to serve a specific geographic area. Hospital
designation is likely to be relatively easy for non-contagious diseases; however, hospitals
may be hesitant to be designated as specialty care hospitals for more contagious diseases.

2. Formalized protocols for pre-hospital and hospital care contribute to improved patient
outcomes. Formalized protocols in the regionalized trauma care system for patient triage
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and transportation of patients to appropriate trauma care centers are directly relevant to
the field assessment and triage that will need to be conducted during a bioterrorism
response. A regionalized bioterrorism response may benefit from similar protocols so
that first responders know where and how to transport exposed patients in a timely
manner so as to contain exposure and ensure rapid delivery of definitive care to the
patients.

3. An established communication network is essential to the coordinated regionalized
provision of trauma care. It is likely that an established communication network such as
that used by trauma care systems could also be used during a bioterrorism event. The
existing traumacommunications network enables emergency medical personnel to reach
the site of an accident in a timely manner and permits ongoing communication between
the field and the destination hospital. Such a system could play an equally important
role during a bioterrorism response. It could serve as a centralized command and control
system to assist in managing the flow of patients to regional network hospitals that have
the capacity to care for them.

4. Correctly aligned incentives, particularly sufficient funding, are critical to retaining the
participation of designated trauma hospitals. The included articles suggest that
regionalized trauma care systems do not provide sufficient incentives for some hospitals
to remain in the system. A bioterrorism response system is likely to benefit from clearly
outlined mechanisms for reimbursement to hospitals designated to care for patients
within a given regional network so that hospitals are less likely to refuse to participate or
to drop their designations.

5. Data registries contribute to continuous evaluation and improvement of trauma systems.
Ongoing evaluation of trauma care systems is important to identify areas for
performance improvement. One source of data to conduct such evaluations is a
standardized data registry. Such a registry allows comparison of one system’s
performance with similar systems, and facilitates identification of areas for
improvement. A bioterrorism response system may benefit from periodic, region-wide
evaluations. Such evaluations could be facilitated by the use of data registries.

Table 12. Selected Evaluations of Regionalized Trauma Care Systems

Study Study Design Compongntg of Outcomes Evaluated Spec"’?"
Regionalization Population
SamEaIis, Prospective study evaluating Designation of Mortality rate during each stage of Not
etal.>® trauma care effectiveness hospitals; triage and regionalization: Pre-implementation: 52%, stated
during each stage of the transport protocols; Stage 1: 32%, Stage 2: 19%, Stage 3: 18%,
regionalization process (pre- communication (p<0.0001). Pre-hospital time decreased
during-post) network; pre-hospital  from 62 to 44 minutes (p<0.001); mean time
care through to admission after arrival decreased from
improved EMS 151 to 128 minutes (p<0.001). A
training multivariate analysis showed that treatment

at a Level 1 center, decreased pre-hospital
time and direct transport to the tertiary
center contributed to the decreased mortality
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Study Study Design gompongnts_ of Outcomes Evaluated Spec'?"
egionalization Population
Mullins & Systematic review of Designation of 15%-20% improvement in survival rate; Rural
Mann®’ population-based studies hospitals; triage and early transfer from rural to tertiary centers; areas
evaluating the effectiveness transport protocols favorable volume-outcome association
of regionalized trauma care (>350 patients treated annually) and
systems restricted number of Level | centers.
Nathens, Review of literature to None stated Adjusted mortality: OR 1.3 times greater at Not
etal®® evaluate volume-outcome low volume centers (<140 patients/two yrs) stated
association for trauma care compared with high volume centers (>200
pts/two yrs); predictor of outcome was
annual number of seriously injured patients
per surgeon and the threshold needed was
35 pts/yr. Length of stay was lower in
centers with high volume. Studied the
relationship between volume and outcome in
31 academic trauma centers across the
United States and found that there was a
benefit in mortality rate when hospital
volume exceeded 650; however, volume-
outcome association benefit was restricted
to severely injured patients
Jurkovich Systematic review of studies  Designation of Improved survival after trauma center Rural
& Mock®®  that evaluated regionalized hospitals designation and improved infrastructure in areas
trauma care system trauma centers. Important to have
effectiveness by studying standardized data registries to enable
registry-based data comparisons across different systems
MacKenzi  Systematic review of panel Designation of The preventable death rate ranged from Not
e>! studies evaluating hospitals 22% to 86% before designation of hospitals,  stated
regionalization of trauma which dropped to between 10% and 40%
care systems. Panel studies after designation. There was a decrease in
determine the preventable the percent of errors after implementation of
death rate where regionalized trauma care systems
preventability is defined by
physician review.
Mann, et Systematic review of None stated The findings consistently support Not
al.>® population-based studies, regionalization of trauma care systems; stated
registry-based studies and although the quality of evidence considered
panel studies evaluating to be relatively poor.
regionalized trauma care
effectiveness.
Hulka>** Systematic review of studies  Designation of Decreased risk-adjusted logistic odds of Pediatric
evaluating pediatric trauma hospitals death in seriously injured children: Odds
care systems Ratio: pre-trauma system vs. post-trauma
system: 1.17 vs. 0.68 respectively, p<0.01
Nathens, Pre-post implementation Designation of Mortality decreased from 16.2 to 11.6 per Not
et al.>”’ study. Assessed change in hospitals; triage and 100,000 person-years. There was an stated
motor vehicle crash mortality  transport protocols; overall 8% decrease in motor vehicle crash
over time after the initial pre-hospital care mortality 15 years after trauma system
designation of trauma through improved implementation.
centers EMS training.
Miller & Assessed the impact of Designation of 15.5% lower costs per hospital injury Rural
Levy525 regionalization on costs by hospitals; triage and episode in states with trauma care systems.  areas

comparing states with and
without established trauma
systems. Conducted
multivariate regression
analysis to account for
potential confounding
variables

transport protocols;
pre-hospital care
through improved
EMS training

Analysis showed a savings average of
$1025 per case. Also observed a high
mortality rates in hospitals with low volume
of trauma cases.
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Study Study Design gompongnts_ of Outcomes Evaluated Spec'?"
egionalization Population

Smith>* Review of published articles Designation of Found high mortality rates in hospitals with a  Not
that evaluated patient hospitals; triage and low volume of trauma cases stated
outcomes after trauma care transport protocols;
regionalization communication

network; pre-hospital
care through
improved EMS
training

Abernathy  Pre-post implementation Designation of Lower mortality rates: OR 0.48 (95% CI: Not

,etal>® study. Assessed outcomes hospitals; centralized  0.32-0.71); Shorter length of stay: 16.5 days  stated
after the implementation ofa  communications vs. 19.5 days, (p<0.05); Decreased mean
voluntary trauma care center costs: $29,795 vs. $34,983, (p<0.05) after
system implementation of system

West, et Pre-post implementation Designation of The preventable death rate decreased to 9% Not

al.>™* study. Reviewed autopsy hospitals; triage and after implementation of system compared stated
records to determine the transport protocols with 71% and 73% before implementation.
preventable death rate The rate of appropriate care after
where the rate was implementation was 89% compared with
determined by physician 20% and 14% before implementation
review

Mullins, et Compared outcomes Designation of Adjusted mortality rate OR=0.80 (0.7-0.9). Rural

al.%® between two states with hospitals; triage and An overall 20% reduction in mortality after areas
trauma centers at different transport protocols implementation compared with another state
stages in the implementation in pre-implementation period.
of system. Also had a pre-
post implementation
comparison within a state.

Conducted multiple logistic
regression models to
determine effect of a
regionalized trauma system

Mullins, et  Assessed change in Designation of Adjusted risk of death: in adults: OR 0.65 Not

al.® mortality rates during the hospitals; triage and (95% CI: 0.51-0.81) and in children: 0.47 stated
pre-implementation, early transport protocols (0.26-0.84) after establishment of trauma
implementation and system
established phase of a
regionalized trauma care
system

Mullins, et Pre-post implementation Designation of Adjusted risk of death: OR 0.82 (95% CI: Rural

al.*® design. Assessed adjusted hospitals; triage and 0.73-0.92) after implementation of areas
risk of death transport protocols; regionalized system

pre-hospital care
through improved
emergency medical
services training.

Cales™ Pre-post implementation Designation of The preventable death rate decreased from Not
design. Assessed the hospitals; triage and 34% to 15% after implementation. Average  stated
preventable death rate. transport protocols; prehospital time increased one minute and
Preventability determined by  pre-hospital care transport time to hospital increased two and
physician review of records. through improved a half minutes after implementation;

emergency medical Appropriate pre-hospital care increased from
services training. 34% to 75%; Appropriate emergency

department care increased from 38% to
90% after implementation.
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Synthesis of Evidence about Regionalization of Surveillance
Systems for Bioterrorism

In response to the 2001 anthrax attacks, SARS, and the ongoing threat of bioterrorism,
surveillance systems designed to detect both bioterrorism and emerging infectious diseases have
been deployed throughout the United States and abroad. A systematic review of these systems
through April 2002 is available elsewhere.*>®? That review identified 115 systems including
nine syndromic surveillance systems, 20 systems collecting bioterrorism detector data, 13
systems collecting influenza-related data, and 23 systems collecting laboratory and antimicrobial
resistance data that could be used for bioterrorism surveillance.®® While syndromic surveillance
systems have been deployed for both event-based and ongoing bioterrorism surveillance, none
has been formally evaluated to determine its accuracy or timeliness.”® Additionally, efforts to
regionalize data collection or analysis were not described for any of the 115 surveillance
systems. Understanding the effects of regionalization on the design and implementation of
effective surveillance systems for bioterrorism is critical, as this determines the systems’
detection capabilities, geographic scope, operations, and organizational structure. Many current
syndromic surveillance systems have been implemented locally. Discussions are ongoing to
determine how to integrate these systems at the state and national levels. Specifically, CDC is
working to create an integrated surveillance system that combines data collected through several
of its existing laboratory and clinical surveillance efforts.®®® Understanding the effects of
regionalization on the data collection, analysis, and decision making processes of surveillance is
essential to these efforts.

Our review of the recent surveillance literature focused on identifying articles that described
currently active surveillance systems for bioterrorism and emerging infectious diseases, and
understanding the effects of regionalization on these systems. This section presents our results
updating the previous literature review of surveillance systems for bioterrorism and emerging
infectious diseases, and evaluates current efforts to regionalize surveillance data.

Summary of the Evidence of Regionalization of Surveillance Systems
for Bioterrorism

Our search identified 117 articles on surveillance systems. Of these, 32 articles, two
government reports, and one Web site described regionalization of surveillance systems.” None
of the included articles specifically evaluated the effects of regionalization on surveillance
processes. CDC has proposed a draft framework for evaluating syndromic surveillance systems
with some components that cover aspects of regionalization; however, an application of this
framework to an existing surveillance system has yet to be published.”® Few surveillance
systems have been evaluated for their detection capabilities (e.g., sensitivity, specificity, or
timeliness).”*> Thus, several ongoing evaluative efforts have focused on optimizing surveillance
algorithms and comparing surveillance data with other routinely collected data (e.g., correlating
surveillance data with seasonal influenza outbreak data).”* Some systems have been compared to

*ReferenceSBA-W, 435, 584-603
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simulated outbreaks in weapons of mass destruction exercises, but not with respect to issues of
regionalization.”®

Table 13 presents the evidence from 14 articles about 13 regionalized surveillance systems.
Typically, surveillance requires three key processes: data collection, data analysis, and decision
making/response. In the following section, we present evidence concerning the regionalization
of each of these surveillance processes.

Data Collection. Ideally, surveillance data should be collected from the majority of exposed
or ill persons (or representative samples of these) in a geographical region.”®® Current
bioterrorism surveillance systems collect a variety of non-traditional data including emergency
room,’® °88:%%% heath clinics,?®> > calls to poison control,>** and calls to 911,% school
absenteeism,®” **? and pharmacy sales® surveillance data sources. Thus, the geographical areas
and patient populations under surveillance will differ dramatically depending on the surveillance
data collected. For example, the Electronic Surveillance System for the Early Notification of
Community-Based Epidemics (ESSENCE system) developed by the Department of Defense-
Global Emerging Infections Systems collects International Classification of Diseases, 9"
Revision (ICD-9) data from military installations worldwide.>* This system has been modified
to collect data from civilian facilities in the geographic region around Washington, DC to
increase the population under surveillance.®” The geographic area under surveillance also
depends upon which health systems, hospitals, and clinics participate in a given surveillance
effort. For example, a surveillance system in the Boston area that utilizes ambulatory data from
the Harvard Vanguard Medical Associates is limited to the 5-10% of the population of Eastern
Massachusetts covered by this medical group.>®® In contrast, the Syndromic Surveillance
Information Collection system,”® a collaborative project between the University of Washington
and the public health department of Seattle/King County, includes four health care systems in
King County, and collects data from three emergency departments/urgent cares and nine primary
care clinics in the area. While these sites were chosen initially out of “convenience,” they were
later noted by the system’s designers to represent good geographic dispersion with wide patient
catchment areas and diverse populations.”

Data Analysis. The objective of analyzing surveillance data is to determine whether the
observed number of cases exceeds the expected number for a given region or time period.
Regionalized analysis of surveillance data can occur in three ways. First, the manner in which
data are pooled for analysis can serve to change the geographic region under surveillance. Data
collection occurs locally, but data analysis typically integrates data from several local sources
(e.g., clinicians, hospitals, and county health departments) to assess the likelihood of an outbreak
within a larger geographic region. Second, data analysis can attempt to integrate a variety of
data sources in a given geographic region (e.g., West Nile virus in sentinel flocks, clinician
reports of flu-like illness, and work absenteeism data). Third, regionalized data analyses collapse
data into various time periods (e.g., weekly analyses of the incidence of influenza-like syndrome
may be a more sensitive marker of influenza than analyses using daily incidence).”

All bioterrorism surveillance systems centralize analysis functions to some degree, and many
have automated analysis processes. For example, ESSENCE creates 2,700 syndrome- and
location-specific graphs each day; these are automatically analyzed for patterns that require
additional investigation.”® A regionalized approach to data analysis offers four potential
benefits. First, it may increase the ability to detect an outbreak over a larger geographic region.
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Second, it may improve the ability to identify aberrant trends if data received from one region
can be compared to other regions. Third, it may increase cost efficiencies related both to scale
(i.e., reduction of redundant analytic activities) and standardization (i.e., single system rather
than multiple systems). Fourth, many local health departments do not have personnel with
sufficient statistical and epidemiological training to perform the necessary data analysis.®
Reliance on state or other regional resources may be the only feasible means for performing
adequate data analysis. These arguments might suggest that a completely centralized approach
to data analysis (i.e., a single, national analysis center) would be the most effective and efficient.
However, as Mostashari and Hartman describe, such an approach has several important
limitations.*®* Centralized data analysis from hundreds of localities could lead to many alarms
triggered by chance alone.** Furthermore, centralized data analysis still requires substantial
infrastructure investments at the local level to respond successfully to outbreaks.**® Finally,
analysis at a single rather than multiple levels creates the possibility of a single point of
catastrophic system failure.*®®

Decision-Making and Response. A key principle of public health surveillance is the use of
surveillance data to take appropriate action to minimize resulting morbidity and mortality.>®®
Traditionally, this decision-making process occurs primarily at the local level. Ideally, astute
clinicians report unusual disease patterns to their local public health departments, which then
have jurisdiction to investigate the potential outbreak and disseminate information to public
health officials at the state and national levels as appropriate. Clinicians, who typically receive
little, if any, training in public health reporting, are not always familiar with standard reporting
procedures. They may bypass their local public health department and report directly to the state
health department or to CDC. As automated syndromic surveillance systems are implemented at
regional and national levels, this issue of where data reporting and decision-making occurs will
become increasingly important. While a number of surveillance systems, such as the ones
operating in Santa Clara County’* and Seattle/King County” perform decision-making processes
primarily at the local level, others, such as the systems operating in New Mexico’ and
Connecticut™ perform these processes at the state level. Other larger regional systems allow for
decision-making at multiple levels. For example, the National Bioterrorism Syndromic
Surveillance Demonstration Project, a collaborative project between CDC, American
Association of Health Plans, Harvard Medical School, and five health plans based in
Massachusetts, Minnesota, Colorado, and Texas, will cover more than 20 million individuals
from all 50 states.®® Data will be analyzed at a centralized data center and decisions on new
cluster identification will be performed centrally, but identification of an abnormal cluster of
events will generate an alarm that will be automatically sent to the local health department in the
affected area for further decision making and response.®®

Given the lack of experience interpreting syndromic surveillance data, response protocols
have yet to be fully defined. In general, the public health officials responsible for analysis of
surveillance data are also responsible for the initial outbreak investigation. However, questions
remain as to who owns these surveillance systems. With ownership comes responsibility and
accountability for decisions made based on surveillance data and their analyses. As some
authors have previously noted, many organizations are key stakeholders of surveillance systems,
including local, state and national public health departments; academic centers; and commercial
entities.** While local public health officials often have the legal mandate for decision making
and response, expertise and resources are often concentrated at the state and national public
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health level or in the academic and commercial sectors.**® Successful surveillance will likely
require a collaborative effort between key stakeholders, but ultimate ownership still remains to
be determined.

Application of Evaluation Criteria to the Surveillance Literature

This section discusses the results of applying the relevant evaluation criteria to the
surveillance literature: network design, coordination of surveillance and management of
incentives, management of information, volume-outcome associations, and incident command.
None of the included articles presented information relevant to inventory management or
postponement and modularization.

Network Design. The concept of network design as applied to surveillance systems
describes how the structure of a surveillance system affects its detection characteristics. An ideal
surveillance network will not only detect aberrant disease patterns but will do so in an efficient
and timely manner. Our review highlighted four key network design issues affecting
implementation and evaluation of regionalized surveillance systems.

First, the geographic range of a surveillance system should be sufficiently far-reaching to
enable detection of an outbreak that may be spread over a large geographic area. For example,
detection of a bioterrorism event occurring in the New York City subway system requires a
surveillance system with detection capability not only in Manhattan and other boroughs of New
York City, but also in the outlying suburban regions of New York State, New Jersey, and
Connecticut. Currently, many surveillance systems are designed along county or state lines. As
the recent outbreaks of SARS and monkey pox have shown, disease is not limited to these
politically-oriented geographic divisions. Accordingly, it is likely that current artificial
geographic boundaries will have to be overcome if surveillance systems are to be maximally
effective.

Second, a key objective in analyzing surveillance data is to maximize detection of the signal
to noise ratio. Research is currently ongoing to assess how best to divide a surveillance region
into subregions so as to maximize the ability to detect abnormal events. For example, ESSENCE
uses SaTScan—free software developed with federal funds to detect geographic trends in cancer
incidence—to facilitate detection of abnormal clusters within surveillance regions.*** Other
systems perform similar analyses.>*®**" Determining the optimum size and location of data
collection regions is critical for effective surveillance. A region that is too small may result in
missed cases and unacceptable data variability due to the small sample size. A region that is too
large may result in reduced ability to detect small variations due to increased scale.’®? It is often
not possible to perfectly subdivide geographic regions given pre-existing constraints on supplied
data. This can be particularly problematic when combining surveillance data from civilian
hospitals within a given geographic region with data from local military or VA facilities, which
tend to have patients from significantly broader geographic areas. Interpretation of these
surveillance data may be enhanced by temporospatial analyses.

Third, the literature provides no consensus about how much data must be collected to have a
representative sample of the population under surveillance. Evidence suggests that a
surveillance system need not cover the entire population to be able to detect an outbreak, and that
coverage as low as 5-10% of the population surveyed may be clinically useful.>® Additionally, a
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system that collects surveillance data from only a representative segment of the population may
be more cost-effective than collecting data on the entire population in a geographic region, as has
been proposed.**® It is unknown what the ideal distribution of surveillance collections sites is for
a cost-effective bioterrorism surveillance system.

Fourth, an ideal surveillance network incorporates redundancy so as to avoid system failure
at any process step. Redundancy in surveillance systems can occur in a number of ways; two are
highlighted here. First, while an effective surveillance system will have centralized analysis
functions, some (limited) analysis could also be performed by other entities within the system, or
even by entities outside of the surveillance system. Such overlap will help prevent detection
failure due to incorrect analytic methodology or data types, as may have occurred during the
drop-in surveillance in Japan during the 2000 G8 meeting when the system missed an outbreak
of Vibrio parahemolyticus among policemen who ate prepared lunches.>® Second, an effective
system will likely include a large number of potentially redundant data sources to increase
detection capability. An evaluation of ESSENCE performance during a simulated bioterrorist
outbreak using four data sets (ER visits, office visits, over-the-counter influenza medication
sales, and school absenteeism) showed improved detection capability when all four data types
were used for analysis rather than just ER visits or school absenteeism alone.®’

Coordination of Surveillance System and Management of Incentives. A clear
understanding and alignment of incentives of key stakeholders involved in each of the
surveillance processes may facilitate bioterrorism surveillance. Key stakeholders involved in
surveillance systems include: data collectors, data analysts, and decisionmakers.

Data Collectors. Data collectors for surveillance systems include: those providing traditional
clinical surveillance data such as outpatient clinicians, emergency department personnel, and
clinical laboratories, as well as non-traditional data providers such as schools (providing
absenteeism data), animal control personnel, and retail pharmacies. Providing incentives to data
collectors is critical and difficult for three reasons. First, a surveillance system is only as good as
its data. Second, many data collectors have few available resources to devote to surveillance, as
they are already overburdened by their routine workloads. In an implementation of the Real-
time Outbreak Detection System (RODS) system in the Pittsburgh area, local health departments
requested that the RODS laboratory monitor output of the surveillance system because they did
not have sufficient resources.® Third, data collectors may have the least to gain from
implementing surveillance systems. Some may be fulfilling legally mandated requirements,
while others satisfy a sense of civic responsibility, but data collectors may not perceive any other
benefits. Indeed, many institutions may have disincentives to providing data. A hospital that
provides data that sets off an alarm may be closed until further investigation; a pharmacy that
provides over-the-counter sales data that becomes public might be at a competitive disadvantage;
and a school that reports increased absenteeism may lose funding due to high absenteeism rates.

Chavin and Valleron studied the motivation of 560 French general practitioners for
participating in a public health surveillance network.®® These clinicians reported an interest in
contributing to the public health (39.5%), a scientific interest in epidemiology (24.8%) or in
receiving epidemiologic feedback (17%), and receiving gratification for their supplementary role
(10.5%) as their primary motivations for contributing to the surveillance network.>®® Efforts to
motivate data collectors, provide them with timely feedback, and emphasize “dual use”
characteristics of the data or their analyses may lead to improved collection of surveillance data.
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In general, designers of surveillance systems have recognized the need to reduce the burden on
data collectors. One goal of the National Bioterrorism Syndromic Surveillance Demonstration
Project will be to utilize data that is already routinely collected as part of daily operations, so as
to generate minimal incremental costs and resources.® Economic benefits, ranging from
resources to help implement such surveillance systems, to tax benefits for those who participate,
may provide additional incentives to data collectors.

Public Health Data Analysts and Decisionmakers. The incentives for public health officials
to implement and maintain bioterrorism surveillance systems include: their legal mandate and
responsibility for the protection of public health, resources made available for these activities,
and the potential costs of inaction. However, given the lack of evidence demonstrating
effectiveness of surveillance systems, some public health departments have chosen to allocate
bioterrorism preparedness resources away from surveillance programs and toward clinician
education, the purchase of decontamination equipment, and other preparedness programs. Thus,
a priority in incentivizing public health decisionmakers to deploy and maintain surveillance
systems is to demonstrate that surveillance systems can fulfill their stated purpose. While this
may be difficult, particularly in the absence of a large-scale bioterrorism event, effectiveness in
simulated scenarios and capability to detect other naturally occurring outbreaks may lend
credence to such systems. In addition, while legal authority to investigate outbreaks is often
given at the state and local level, funding for surveillance systems is increasingly provided at the
federal level. Should a national surveillance system be implemented, a disincentive might arise,
particularly at the local level, if such a system bypasses the traditional reporting and decision-
making hierarchy and leaves local health officials effectively out of the loop. Because local
public health officials often have limited resources and personnel to devote to surveillance, they
might prefer that analysis be performed by other entities.”® Therefore, a careful balance must be
achieved between not over-burdening local health officials with surveillance activities while
keeping them intimately involved in the surveillance process. Finally, to the extent that public
health decisionmakers are motivated by the cost of inaction, it may be useful to convey the
potentially high cost of inaction during a bioterrorist attack. Conservative estimates of the cost
of a bioterrorist attack range from $478 million per 100,000 persons exposed to brucellosis to
$26.2 billion per 100,000 persons exposed to anthrax.®®

Volume-Outcome Associations. An increased volume of data collection and analysis
should improve surveillance to the extent that it results in systems with more rigorous data sets,
smaller confidence intervals, and analysts with improved capacity for recognizing abnormal
disease clusters. This reasoning has contributed to the expansion and centralization of
surveillance networks. For example, increasing data volume has allowed ESSENCE
investigators to refine their surveillance algorithms and improve detection capability.®’
However, increased volume does not always ensure improved outcomes. Increased volume will
necessitate increased resources for data collection and analysis. If routinely collected data are
used, the incremental costs may be small, but substantial investments still must be made in
computing infrastructure and personnel training as a system increases in size and complexity.
Such investments may be barriers to implementing a high-volume system. In addition, high
volume does not necessarily ensure good outcomes if there is not a concomitant emphasis on
quality. Without quality controls in surveillance processes, an increase in volume will only
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result in propagation of errors. Therefore, evaluation of a surveillance system’s volume and
outcomes must also include an assessment of incremental costs and overall quality.

Incident Command. Effective surveillance systems will almost certainly facilitate incident
command during bioterrorism responses. Identifying which entity has ultimate decision-making
capability and responsibility is often complicated by the many stakeholders involved in the
surveillance process. Ideally, the structure of public health response should be determined
before an outbreak and should depend upon the severity of outbreak. Drop-in surveillance
efforts provide good examples of how incident command and response protocols can be
established before an event occurs. For example, the surveillance program developed for the
2000 Olympic Games in Sydney, Australia established a Health Olympic Coordinating Centre
which received input from the regional Department of Health, metropolitan Sydney public health
units, area sentinel hospitals, and other health-related facilities.®®* This center assessed health
surveillance information and coordinated data analysis.®®* Participation in this surveillance effort
resulted in strong ties between the regional health department, local public health units, local
governments, and other area health facilities and providers.°® Perhaps more importantly, this
program led to an improved understanding of “respective roles and functions” in surveillance
preparedness, a key benefit that will help in responding to potential future outbreaks.®®

Management of Information. Surveillance systems must transfer and manage information
between participants within and outside of the system. As surveillance networks expand to
include participants with different computing infrastructures, management of information will
likely become increasingly complex. This may involve integrating different computing systems
and data streams, while allowing information and analysis to flow upwards and downwards
within the system to appropriate end-users. Several barriers impede efficient management of
information, including lack of national reporting standards, lack of conversion and translation
systems for communication between systems, and legal requirements regarding patient
confidentiality. CDC has initiated the National Electronic Disease Surveillance System partly to
address the lack of standardization among surveillance systems.>®" This program focuses on
developing national standards for computing infrastructure and reporting for surveillance
systems. Other initiatives, like the Frontlines of Medicine Project, aim to develop non-
proprietary, “open” standards for communication between emergency rooms.”®’ The
development of multiple industry standards may be avoided by increased collaboration among
major systems developers, as has occurred in the National Bioterrorism Syndromic Surveillance
Demonstration Program.®® Integration of new participants into surveillance programs is often
hampered by differing computing platforms. In the Syndromic Surveillance Information
Collection System”® in Seattle, many of the information technology groups involved in the
network developed their own reporting and transfer strategies.®® In response, investigators had to
develop central conversion capabilities. Such translation capabilities will become increasingly
important as surveillance systems expand to include data collectors who may have legacy
computing platforms. Finally, new privacy regulations from the Health Insurance Portability and
Accountability Act (HIPAA) require additional measures to be undertaken to ensure patient
confidentiality.®®® Existing systems that lack standardized confidentiality and security
procedures may violate HIPAA standards. One of the National Electronic Disease Surveillance
System’s goals is to establish standardized security and confidentiality protocols.*® Surveillance
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systems have evolved as well. Several state-of-the-art systems strip away individual-level
information, utilizing these data only when an abnormal disease pattern has been identified.®®

Lessons Learned From Regionalization of Surveillance Systems

Regionalization of surveillance systems has important implications for key processes related
to data collection, analysis, and decision making and response.

1. There is a need for evaluations of regionalization of surveillance data collection and
analysis. Although numerous syndromic surveillance efforts in local areas are promising,
there has not been an evaluation of the tradeoffs in terms of costs and benefits of
regionalizing some components of bioterrorism surveillance (e.g., costs of data
collection, analysis and reporting, false positive and false negative rates). Given this lack
of evaluative data, we developed a simulation model to evaluate some of these costs and
benefits. This model is presented in the next section.

2. Local data collectors may not be incentivized to collect surveillance data, particularly if
they are analyzed regionally. If a regionalized surveillance system is based on a model
of local data collection with regional analysis, considerations of means to reduce costs of
data collection and to share relevant analyses with local data collectors may enhance
local participation.

3. Decision-making and chain of command must be clear to all stakeholders. Decision-
making and response could occur at the local, state, regional, or national level, and would
depend on outbreak characteristics and the level of response needed.

4. A common technology platform may facilitate the collection and analysis of surveillance
data. This common platform may be composed of new technologic infrastructure or
translation tools that enable existing legacy systems to communicate with one another.

5. Privacy issues are a key concern as increasingly detailed surveillance data is collected

and disseminated. Collection and analysis of surveillance data must be able to protect
individual privacy while being sufficiently detailed to detect new outbreaks.

Table 13. Syndromic Surveillance Systems

Geographic Area

System Under Surveillance Participants Data Sources/Types
Connecticut Hospital Connecticut Connecticut Dept of Non-scheduled hospital
Admissions SAyndromic Health, 31 acute care admission data
Surveillance® hospitals
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System

Geographic Area
Under Surveillance

Participants

Data Sources/Types

Denver Center for Public
Health Preparedness®®

Electronic Surveillance
System for the Early
Notification of
Community-based
EEidemics | (ESSENCE
)%

Electronic Surveillance
System for the Early
Notification of
Community-based
E%i7demics Il (ESSENCE
1))

Indianapolis Network for
Patient Care®

National Bioterrorism
Syndromic Surveillance
Demonstration
Program®®

New Hampshire ED
Syndromic Surveillance
System®®

New York City System69
Real-Time Outbreak
Detection System®> "
Syndromic Surveillance

for Bioterrorism’?

Syndromic Surveillance
Information Collection
System”®

Denver, Colorado area

All military installations
worldwide

Northern Capital Area
(Washington, D.C. area)

Indianapolis, Indiana
area

National, although data
from five health plans
based in four states

New Hampshire

New York City
metropolitan area

Pittsburgh, Pennsylvania
area

Minneapolis/St Paul

Minnesota area

Seattle, Washington
area

Denver Public Health
Dept, one hospital, one
ED*, EMS, ~24
community- and school-
based clinics,
poison/drug center

104 DoD primary care
and emergency clinics,
121 Army, 100 Navy, 80
Air Force, and two Coast
Guard installations

Military and civilian data
from area emergency
rooms and clinics, local
pharmacies, nurse
hotline, school system
local veterinaries, area
laboratories

Five health systems,
Indiana University
School of Medicine,
Regenstrief Institute, 11
hospitals, county health
dept, MD practices

CDC, American Assoc of
Health Plans, Harvard
University, five health
plans based in
Massachusetts,
Minnesota, Colorado,
and Texas

16 sentinel EDs

EMS data

17 hospitals, University
of Pittsburgh

HealthPartners Medical
Group, Minnesota Dept
of Health

Four health care
systems, University of
Wash, three EDs, 10
clinics, EMS, school
system
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Chief complaint data (nurse
advice line, ED, EMS), ICD-9
data (ED, hospital, clinics)

ICD-9 data

ICD-9 data (clinics), chief
complaint data (ED), over the
counter drug sales, nurse
hotline calls, school
absenteeism reports, veterinary
reports, laboratory reports

Chief complaint data, coded
diagnoses and procedures,
immunizations, medications,
allergies, electrocardiogram
tracings, echocardiogram data,
radiographic images, vital signs,
demographic data

Ambulatory care data — focus on

aggregated data rather than
encounter level data

Data manually collected on four
syndromic categories

EMS data, pharmacy sales data

ICD-9 data, chief complaint data

Pt encounter data, ICD-9 data

ICD-9 data, demographics, chief
complaint data, school
absenteeism reports, EMS
dispatch data



System

Geographic Area
Under Surveillance

Participants

Data Sources/Types

Syndromic Surveillance
Tally Sheet™

Syndromic Surveillance
Using Automated
Medical Records

The Biosurveillance
Analysis, Feedback,
Evaluation and

Response System’®

West Nile Virus Passive
Surveillance System’’

Santa Clara County,
California

Boston, Massachusetts
area

New Mexico

New York City

12 EDs, one telephone
care center

All clinics associated
with Harvard Vanguard
Medical Associates

Six EDs, University of
New Mexico, New
Mexico Department of
Health, EMS, regional
poison center, state
medical examiner’'s
office

Dead bird sightings by
residents

Data manually collected on six
syndromic categories

Automated medical records of
large group practice including

ICD-9 data, vital signs, full text
notes, telephone call data

Clinical data elements from
ED/EMS, hospital data
(admission, discharge, transfer,
utilization, chief complaints,
demographics), calls to poison
center, laboratory tests results,
medical examiner office’s
reports

Dead bird data compared with
virologic testing

*ED = emergency department

Simulation Model Results: Regionalization of Surveillance

We found no evaluative evidence regarding regionalized analysis of surveillance data for the
detection of a bioterrorism event. Therefore, we developed a simulation model to explore the
tradeoffs associated with strategies for regionalizing the analysis of surveillance data. In this
section we present a summary of the methods and assumptions used to develop our simulation
model and our preliminary results from it. We direct readers interested in the details of our
simulation elsewhere.™

Changing Thresholds When Pooling Surveillance Data

To illustrate the general tradeoffs that occur when analysis of surveillance data is
regionalized, we simulated a syndromic surveillance system that collects daily reports of a
syndrome of interest from two regions (i.e., cases of flu-like illness). Analysis of these
surveillance data could be unpooled (in which case reports from the two regions are analyzed
separately) or pooled (in which case data from the two regions are combined before analysis).
We assumed that if the number of cases of flu-like illness exceeds a threshold, then a warning

will be issued. Since the number of patients with these symptoms varies from day to day, there
is a chance that normal variation will cause the observed number of cases to exceed the warning
threshold even when there is no outbreak resulting from bioterrorism. We refer to such a
situation as a false positive (i.e., a false alarm). We assume that the thresholds are set so that the
probability of a false positive does not exceed a level that represents a decisionmaker’s
preferences for false positives.
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Figure 8 illustrates the detection thresholds for two regions. The number of cases of flu-like
illness for Region 1 is plotted on the x-axis and the number of cases for Region 2 is plotted on
the y-axis. For each of the two regions we illustrate the threshold above which a warning will be
issued indicating an unexpected peak in cases of flu-like illness. The entire shaded area in Figure
8 represents the numbers of case reports from the regions that would cause a warning to be
issued.

Figure 8. Thresholds for Detection of Outbreaks in Two Regions

A

Warning Issued

Threshold

v

Cases of flu-like lliness in Region 2

Threshold

Cases of flu-like illness in Region 1

When data from two regions are pooled, the warning thresholds may need to be modified to
prevent an increase in the probability of false positives. This situation is illustrated in Figure 9.
A simple way to pool data is to calculate the sum of cases in both regions. Figure 9 shows a
diagonal line that represents a threshold for the pooled data. The space between the diagonal line
and the individual thresholds (indicated by an asterisk) represents case reports in the two regions
for which a warning would not be issued if data from the two regions were analyzed individually
(unpooled) but a warning would be issued it the data were pooled (using the sum). If the
thresholds for the two regions are not adjusted, then the use of pooled data will increase not only
the probability of detecting an outbreak associated with bioterrorism but also the probability of a
false positive. The overall probability of a false positive can be held constant by increasing the
values of the individual thresholds. In Figure 9, the thresholds for Regions 1 and 2 have been
increased so that the probability of exceeding either threshold decreases by an amount that
offsets the increase in probability associated with using pooled data.
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Figure 9: lllustration of Pooled and Individual Thresholds for Detection of Outbreaks in Two Regions

A

o~ tWarning Issued
0 C ]
=) :
O Oyt-------=--==-==xz------1--- R e L P T PP
<9 :
o T S|
< O RN
L / |
Pooled Y
Threshold |
Thresholds
For Region 1

Cases of flu-like illness in Region 1

Unpooled thresholds are denoted by the solid lines.
Pooled thresholds are denoted by the broken lines.

*The area indicated with an asterisk indicates cases for
which a warning would be issued with the pooled
thresholds but not the unpooled thresholds.

The Effect of Inter-Regional Correlation on Pooled Surveillance Data

To investigate tradeoffs that occur when pooling surveillance data, we simulated data
representing a bioterrorism attack in two regions that collect syndromic surveillance data. We
simulated the daily number of cases for a syndrome of interest (i.e., fever and rash) representing
both naturally occurring cases and an increase in the number of cases associated with
bioterrorism. The baseline number of cases for each region was normally distributed with a
mean of 100 cases per day and standard deviation of 100 cases per day. We varied the attack
size so that between 0 and 350 additional patients with fever and rash presented per region per
day. We set the threshold for detecting an outbreak as the total number of cases more than two
standard deviations above the daily average.

We simulated correlations that may exist in surveillance data collected from two sources
eligible for pooling. The correlation between two regions describes the extent to which the
number of cases in each region is similar on a day-to-day basis. The correlation varies between 1
and -1. A correlation of 1 indicates a perfect positive relationship between the number of cases
in each region and a correlation of -1 indicates a perfect negative relationship between the
number of cases in each region. If the inter-regional correlation was 1, an increase of one case in
Region 1 would always correspond with an increase of one case in Region 2. A correlation of
zero would indicate that there is no relationship between the numbers of cases in the two regions.
The correlation between two sources of surveillance data may vary according to the geographic
proximity of the two regions, the types of surveillance data collected (e.g., one region may report
cases of patients presenting to triage nurses with fever and rash as opposed to cases of fever and
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rash collected from 1CD-9 codes from outpatient clinics), and the patient populations under
surveillance (e.g., pediatric as opposed to nursing home patients). We varied the correlation
between the two regions between 0 and 0.5.

We compared the probability of detecting an outbreak of cases of fever and rash when using
pooled data as opposed to using individual data. We found that pooling surveillance data may
yield modest benefits in the probability of detecting an outbreak, particularly when there is no
correlation between the regions. The benefits of pooling are smallest when attack sizes are very
large or very small. We found that the rate of false alarms increases as the correlation between
the pooled data sources increases. We evaluated a number of different strategies for pooling data
and determining thresholds. For all strategies that we considered, all large attacks were readily
detected. However, pooling did yield some benefit for smaller attacks.

Lessons Learned for Regionalization of Analysis of Surveillance Data

Our simulations demonstrate two primary effects of pooling surveillance data.

1. Large outbreaks are relatively easy to detect when using either pooled or unpooled data.
However, smaller outbreaks can be difficult to detect under both strategies. In part, it is
difficult to detect small outbreaks because the standard deviation about the mean is
relatively large compared to small increases in numbers of cases. When the pooled
threshold is increased to avoid increasing the false positive rate, small outbreaks can be
missed.

2. Pooling strategies may improve detection capabilities but are highly situation-specific.
Pooling of surveillance data enhanced detection capabilities when the correlation
between the individual regions was very low. We plan addition analyses to determine
the effects of pooling over time and extending our analyses to pool more than two
regions.

Simulation Model Results: Inventory Management

In this section, we present a summary of the methods and assumptions used to develop our
simulation model and preliminary results from it. We direct readers interested in the details of
our simulation elsewhere.”

Summary of Inventory Management Simulation Model

We simulated a bioterrorism attack with Bacillus anthracis on a metropolitan area with a
population of 5 million. Selection of parameter values was informed by our review of the U.S.
experience with inhalational anthrax.*>* We assumed that exposed individuals enter the
incubation phase of the disease and may then progress to first stage anthrax, second stage
anthrax, or death.™> %% \v/e defined first stage anthrax as symptomatic disease with a
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nonspecific flu-like syndrome consisting of low-grade fevers, nonproductive cough, myalgias,
and malaise (sometimes referred to as the “latent” phase of the disease).*®* %% %% \We defined
second stage anthrax is severe symptomatic disease characterized by abrupt respiratory distress,
shock, and death within 24 hours (sometimes called the “acute” phase of the disease)."*% ©%° 6%
We assumed no anthrax-related deaths would occur except among individuals in the second
stage of infection.

We assumed that all exposed individuals were initially unaware of the attack and that
exposed individuals might become aware of the attack either through development of symptoms
or through the media or public health alerts. After becoming aware of the attack, individuals
who are aware of their potential exposure may seek post-exposure prophylaxis and enter a queue
for prophylactic antibiotics.®®” For exposed individuals, we assumed that the rate of disease
progression (from incubation to first stage) is reduced by prophylactic antibiotics and that
prophylactic antibiotics are distributed on a first-come, first-served basis.®” ®® We assumed that
the rate at which individuals receive prophylactic antibiotics is limited by the availability of
prophylactic antibiotics and the distribution capacity for these antibiotics. We based estimates of
adherence to prophylactic antibiotic regimens on the 2001 experience.'>% 2% 6%

Individuals who develop symptoms associated with first or second stage anthrax may enter a
queue for treatment. Treatment consists of a triple antibiotic regimen (ciprofloxacin or
doxycycline with rifampin and clindamycin) administered intravenously in an intensive care
setting and may also include supportive care (e.g., pleural fluid drainage, respiratory or cardiac
support, etc.).” " ®1 We assumed that treatment would be restricted to symptomatic individuals.
We assumed that the ability to treat patients is limited by the inventory of intravenous antibiotics,
the number of available intensive care unit beds, the number of available ventilators, and the
number of available respiratory technicians. We assumed that when patients begin treatment a
small supply of antibiotics is reserved for them so that there is little chance that they will need to
leave treatment due to a lack of antibiotics.

We considered scenarios that differ in the number of people exposed to anthrax. In the low-
exposure scenario (such as an aerosol release over a sports stadium), we assumed that 50,000
people were exposed.®®™ %2 In the high-exposure scenario (such as an aerosol release from an
airplane over the downtown area of the city), we assumed that 250,000 people were exposed.®®
812 \We also considered scenarios that differ in the number of people likely to require
prophylactic antibiotics. If an attack occurs in such a way that responders can determine whether
or not a person was likely to have been exposed, the number of people requiring prophylaxis will
be lower than if an attack occurs such that responders cannot make this determination. In the
latter scenario, we assumed that only exposed people would request prophylaxis; whereas, in the
former, we assumed that both exposed and non-exposed people would request prophylaxis,
resulting in inefficiently allocated resources, and slowed queues.

We assumed that responders would first use the local inventories of antibiotics (if available),
then Push Packs from the Strategic National Stockpile, then regional Vendor Managed
Inventories or additional Push Packs.®*® ®* We based our estimates of the antibiotic inventories
of local communities on a survey of ten hospitals in New Jersey® and other reports. '20% 616619

“All drug costs were derived from the Department of Veterans Affairs’ product pricing and fee schedules (VA 340B program)
except for the price of oral ciprofloxacin, which was based on agreements between Bayer A.G. and the Department of Health and
Human Resources.®%% #1°

"We assumed that the annual cost to maintain a local inventory of antibiotics includes annual rotation costs plus storage fees.t®
We assumed that all local stocks must be replaced if an attack occurs, and that the annual maintenance costs are incurred in
perpetuity.
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We based our estimates of the types and numbers of individuals needed to operate and staff a
mass prophylaxis distribution center from the Weill-Cornell Mass Prophylaxis/Vaccination
model.®%

Summary of Preliminary Results of an Inventory Management
Simulation Model

We found that mortality associated with anthrax bioterrorism in our simulation is very
sensitive to the number of people seeking prophylactic antibiotics. For both the low and high
exposure attacks, we found that approximately 30% of the exposed population died given a low
demand for prophylaxis (i.e., the situation in which exposure can be readily determined)
compared to approximately 45% of the exposed population given high demand for prophylaxis
(i.e., the situation in which exposure cannot be readily determined so many unexposed persons
seek prophylaxis). This difference represents an increase in mortality of approximately 8000
exposed individuals for the low exposure attack and 35,000 exposed individuals for the high
exposure attack attributed to high demand for prophylactic antibiotics.

We compared the mortality that resulted if only a single Push Pack was delivered to the site
of attack (and then the local responders had to wait until the regional Vendor Managed Inventory
arrived) compared with an alternative strategy in which a Push Pack was delivered every six
hours following the arrival of the first Push Pack, until either all 12 Push Packs have been
delivered or the regional Vendor Managed Inventory becomes available. We refer to these as
Single Push Pack and Multiple Push Pack strategies. We found that the Multiple Push Pack
strategy has little benefit for a low exposure attack but can have a significant benefit for the high
exposure attack (i.e., 1-2% reduction in mortality compared with the Single Push Pack strategy).

We evaluated whether increasing or decreasing the number of Push Packs would change the
delay in delivery of a Push Pack to an attack site. There are currently 12 Push Packs in the
United States that are reportedly able to arrive at the site of an attack within 12 hours of a
request.®”> The locations of these Push Packs are not publicly available. If we assume that the
Push Packs are geographically distributed across the United States, then every location in the
United States could be reached with a maximum of approximately one hour of flight time. We
found that our model was much less sensitive to increasing or decreasing the number of Push
Packs than it was to increasing or decreasing the time it takes to dispense the contents of the
Push Pack. However, for a high exposure attack, an additional Push Pack may have some
benefit when the Multiple Push Pack strategy is used. The risk of a bioterrorism event may be
proportional to population density. Thus, we plan to evaluate the effects of changing the number
of Push Packs, if the Push Packs are initially distributed according to population density.

We evaluated the cost effectiveness of changing the size of the local inventory of antibiotics.
Increasing the local stockpile would require a one-time cost to purchase the supplies, plus annual
costs associated with maintaining the inventory. Because the net present value of all costs and
health benefits is a function of the probability of an attack, we estimated the cost effectiveness of
increasing the size of the local inventory if the annual probability of an attack ranges between
0.01% to 1%. We found that the cost effectiveness of increasing the size of the local stockpile is
highly dependent on the annual probability of an attack. However, the total costs are not very
sensitive to the probability of an attack. This is because the annual maintenance costs of the
additional stock accounts for 80-85% of the total costs, and these costs are completely insensitive
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to the probability of an attack, as they must be incurred every year regardless of whether an
attack takes place.

Lessons Learned from the Inventory Management Simulation Model

We draw four lessons from the preliminary results of our inventory management simulation
model.

1. The mortality associated with anthrax bioterrorism may be highly sensitive to the number
of people seeking prophylactic antibiotics. Whereas responders and the public may be
able to estimate the probability of exposure for an attack in a localized area (e.g., an
attack in a particular building), establishing whether an individual has been exposed to a
biothreat agent may be difficult for many types of bioterrorism events (e.g., an
aerosolized attack over a metropolitan area).

2. For a large-scale bioterrorism event, delivering multiple Push Packs until delivery of the
regional Vendor Managed Inventory may reduce mortality. In our preliminary analyses,
we explored two strategies for delivering Push Packs to an affected area and found that a
strategy of deploying a second Push Pack before the first one is depleted may save lives
during a large-scale bioterrorism event. In our subsequent analyses, we plan to evaluate
other strategies for dispensing antibiotics on the basis of the on-hand inventory (e.qg.,
dispensing only short courses of prophylactic antibiotics if the on-hand inventory is low
or if the demand for antibiotics is high).

3. Assuming uniform geographic distribution of the Push Packs, we found no significant
change in the time required to deliver a Push Pack to an attack site with changes in total
Push Pack numbers. However, the risk of a bioterrorism event may be higher in areas of
the greatest population density. In future analysis, we plan to evaluate the impact of
changes in the number of Push Packs if they are geographically distributed according to
population density.

4. Increasing the size of the local inventories of antibiotics may be cost effective if the
annual probability of an attack is high. The cost effectiveness of increasing the size of
local inventories of antibiotics was sensitive to both the probability of an attack and the
costs of the inventory.

Summary Synthesis of Evidence about Regionalization for
Bioterrorism Preparedness and Response

This section summarizes the evidence from each of the preceding results sections and
provides our responses to each of the Key Questions.
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Key Question 1. What are the key tasks of local responders during a bioterrorism event?

Key Question 2. What resources do local responders require to perform the tasks identified
in Key Question 1?

The preceding sections in this chapter have discussed the regionalization of supply chains;
existing infrastructure for regional response to bioterrorism; actual regional responses to the
2001 anthrax attacks, naturally occurring outbreaks, and natural disasters; regionalization of
emergency trauma care; and regionalized surveillance systems. From the literature described in
each section, we abstracted information about the tasks of local responders during a bioterrorism
response (Key Question 1) and information about the resources required to perform those tasks
(Key Question 2). In this section we synthesize all of the information about the tasks of local
responders during bioterrorism-relevant events. We present our response to Key Questions 1 and
2 in Table 14.

The included articles describe nine main task categories: preparedness planning, field
assessment and triage, diagnosis, management of the acutely ill, prevention of the spread of
disease, surveillance, outbreak investigation, communication, and emergency management. For
each of these main tasks, we considered the subtasks responders are required to perform. For
example, subtasks of surveillance include collection, analysis, and reporting of surveillance data.

Broadly, the resources required for these tasks and subtasks are described by three main
categories: personnel, material, and information. Additionally, for each task, financial resources
are required to train and employ the relevant personnel and to procure and maintain the relevant
materials and information.

We conclude that a bioterrorism response requires numerous, heterogeneous tasks requiring a
complex array of trained personnel, material, and information. We define these three categories
broadly. For example, material resources include any of the physical resources required for a
bioterrorism response ranging from vaccines and pharmaceutical supplies to hospital beds and
isolation rooms. The performance of these tasks and the delivery of these resources are potential
targets for regionalization.

Table 14. Examples of Tasks, Subtasks, and Resources Required for a Bioterrorism Response

Main Task Example Subtasks Example Resources
Preparedness e  Planning for distribution Personnel
planning and dispensing of ¢ Decisionmakers from hospitals, emergency management, and public
prophylactic antibiotics health (e.g., CDC)
e Relationship ¢ Representatives of relevant government agencies (e.g., FEMA and
development (partnering) HRSA)
among responder groups e Representatives of relevant non-government bodies (e.g., Joint
e Pre-event vaccinations of Commission on Accreditation of Healthcare Organizations, American
first responders and Hospital Association)
health care workers e Logisticians
e Planning, execution, and  Material
evaluation of ¢ Necessary vaccines and supplies for pre-attack vaccination
preparedness drills ¢ Guidelines for preparedness planning
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Main Task

Example Subtasks

Example Resources

Determination of local
capacity (e.g., hospital
and laboratory capacity)
and planning for surge
capacity

Information

¢ Understanding of relevant organizations and their scope of
responsibility at each regional response level

e Understanding of the regional and national resources in place to
assist a local community in the event of a bioterrorism event

e Familiarity with preparedness plans through drills and other training
exercises

¢ Understanding of changes needed to guidelines based on real-time
feedback from bioterrorism affected areas (e.g., revisions to
treatment protocol based on what is working in field during an attack)

Field

assessment and o

Transportation of victims
Use of portable

Personnel

e Local first responders and those obtained through mutual aid

triage diagnostic and detection agreements
equipment e Logisticians
e  First responder Material
protection e Transportation equipment
e  Determination of e Decontamination equipment
probability of exposure to e First responder protective gear
biothreat agent e Portable diagnostic detection equipment
e  Environmental testing for  |nformation
biothreat agents  Sensitivity and specificity data for portable detection equipment
e Updated information about emerging outbreaks and necessary
personal protective equipment
Diagnosis e  Ordering of appropriate Personnel

diagnostic tests
Interpretation of
diagnostic test results

e Clinicians
e First responders

Material

e Decision support systems to facilitate diagnostic decision making
o Sufficient laboratory surge capacity for large increases in test
requests

Information

e Testresult data

¢ Updated information about emerging outbreak updates to inform
assessments of pretest probability of disease

¢ Information about the natural history of bioterrorism-related diseases,
their clinical presentation, and relevant diagnostic tests

Management of
acutely ill

Provision of definitive
medical care

Fatality management
Distribution of supplies,
equipment, and
pharmaceuticals

Personnel

Clinicians

Security personnel to maintain security of hospitals
Mental health professionals

Pharmacists

Logisticians

Material

¢ Inventories of pharmaceuticals

¢ Negative pressure isolation facilities

e Critical care equipment: ventilators, chest tubes, oxygen delivery
systems

e Morgue facilities

e Hospital surge capacity

Information

¢ Management guidelines from public health officials for clinicians

¢ Information systems to manage the flow of patients through the
hospital

o Radiographic, laboratory, and clinical data
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Main Task

Example Subtasks

Example Resources

Prevention of
the spread of

Prophylaxis of the
exposed

Personnel
e Clinicians

disease e Mass immunization e Public health officials
e |solation of infectious e Other public employees to serve as non-medical staff at dispensing
patients sites
e Evacuation e Members of the media to inform the public about prophylaxis and
e Quarantine quarantine policies
e Crowd and traffic control e Logisticians
e Vector control e Pharmacists to sort, re-package, and dispense medications
e Security personnel to enforce quarantine and evacuation, maintain
social order, manage traffic near hospitals and distribution sites
e Vector control professionals
Material
e Pharmaceuticals and supplies for prophylaxis (e.g., vaccines,
antibiotics, needles, and dressings)
¢ Negative pressure isolation facilities
e Sites for mass vaccination (e.g., schools and military facilities)
e Parking
e Supplies for mass care in the event of a large-scale evacuation (e.g.,
tents, food, portable toilets, etc.)
Information
e Prevention guidelines from public health officials for clinicians
e Statutes and regulations relevant to quarantine decisions
e Contraindications for prophylactic treatment
e Home-care instructions for patients receiving prophylaxis and home
treatment
¢ Information regarding characteristics of infectious agent for decision
making about quarantine, isolation, and evacuation
Surveillance e  Collection of surveillance  Personnel
data ¢ Clinicians, laboratory personnel, vector control professionals, animal
e Analysis of surveillance control professionals, pharmacists and others for collection of
data bioterrorism surveillance data
e Reporting of surveillance ¢ Public health officials to collect, analyze and interpret surveillance
analyses to relevant data
decisionmakers Material
e Environmental detectors
e Collection equipment for taking environmental samples in the field
Information
e Baseline data for bioterrorism-related syndromes
e Sensitivity and specificity data for portable detection equipment
Outbreak e Contact tracing Personnel
investigation e Verification that the e Epidemiologists and other public health officials

cases identified from the
surveillance data
represent an outbreak

o EIS officers
Material
e Laboratory capacity to verify suspected cases
Information
¢ Information about the characteristics of the exposure
¢ Information about the person-to-person transmissibility of the
biothreat agent used

Communication

Communication system
development
Clinicians’ reporting of
information about
suspicious cases to
public health authorities

Personnel

e Public health officers

¢ Clinicians and first responders

e Members of the media

e Trained personnel to staff information hotlines
e Public health officials at all response levels
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Main Task

Example Subtasks

Example Resources

Public health officials
communicating news of
outbreak to clinicians
Distribution of protocols
for hospital preparedness
planning; for field
detection, triage, and
management by first
responders and clinicians
Communication with the
public and prevention of
mass panic

Material

e Secure Web site to allow the rapid and safe electronic transmission
of data and guidelines

e Hotlines

e Secure Web site to allow the rapid and safe electronic transmission
of data and guidelines

Information

¢ Information regarding the nature of the biothreat agent, its potential
for harm to first responders and clinicians, and its natural history

e Guidelines for personal protection

e Guidelines for the management of the acutely ill, the exposed, and
family members of both

e Guidelines for the public to protect themselves, or to seek care when
appropriate

Emergency
management

Declaration of emergency
Command/Control

Crowd and traffic control
Shelter and feeding of
evacuated/displaced
persons

Process for continuous
evaluation of needs and
resources

Mental health services for
responders, victims,
caregivers, and their
families

Volunteer management

Personnel

e Emergency management professionals

e Elected officials to declare emergency

e Security personnel (e.g., police and military)

e Mass care professionals (e.g., American Red Cross)
e Mental health professionals

¢ Logisticians

Material

e Command/control center
e Supplies for mass care in the event of a large-scale evacuation (e.g.,
tents, food, portable toilets, etc.)

Information

e Information about capacity and need for services

e Understanding of command control protocols, such as Incident
Management System and the Hospital Emergency Incident
Management System

Key Question 3. Which existing regional systems of delivery of goods and services could be
relevant to supplying the resources identified in Key Question 2?

We found numerous systems and organizations with regionalized infrastructures engaged in
the timely delivery of bioterrorism-relevant material, personnel, and information. These systems
and organizations can be broadly categorized in two ways: by the level at which they primarily
operate (local as opposed to regional) and by the type of response task they perform.

For this Evidence Report, we define a local response to bioterrorism as occurring under the
jurisdiction of the local health officer. However, many relevant local responders and response
organizations (such as clinicians, first responders, hospitals, and emergency management
professionals) may not organize themselves in relationship to the local public health jurisdiction
in which they work. Thus, if an article used a different definition of local, we deferred to their

definition.

Regional responses fall into three broad categories: sub-state, multi-state, and federal. Most
states utilize sub-state regions (often drawn according to county lines) for disaster planning. For
example, in California (where regions encompass up to ten counties) these regions are an integral
organizational element of the state’s mutual aid agreements. Multi-state regions are typically
defined by one or more federal agencies. For example, there are ten FEMA regions, each made
up of between four and eight states. These same regional designations are also used by other
federal agencies, such as HRSA and HHS. The Department of Homeland Security, which has
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responsibility for many of the existing systems that would contribute to regionalized response to
bioterrorism, is currently undergoing a reorganization of its U.S. regions and regional
infrastructure.

In general, most of the existing systems and organizations are organized according the
response task they perform. We found systems for each of the response tasks described in our
answer to Key Question 1: those responsible for preparedness planning (e.g., the Joint
Commission on Accreditation of Healthcare Organizations and the American Hospital
Association), field assessment and triage (e.g., U.S. trauma care system), diagnosis (e.g.,
Laboratory Response Network), management of the acutely ill (e.g. Modular Emergency
Medical System, Medicins Sans Frontieres), prevention of the spread of disease (e.g., Strategic
National Stockpile), surveillance (e.g., Electronic Surveillance System for the Early Notification
of Community-Based Epidemics), outbreak investigation (e.g., Epidemic Intelligence Service),
communication (e.g., ProMed, Health Alert Network, and FirstWatch), and emergency
management (e.g., Emergency Management Assistance Compacts).

Some of the existing regional organizations were designed specifically to enhance U.S.
preparedness for bioterrorism, whereas others were designed to provide ongoing services to
promote the public health and respond to natural disasters (e.g., U.S. public health system, the
National Disaster Medical System, Disaster Medical Assistance Teams, and the Metropolitan
Medical Response System). The Laboratory Response Network was designed specifically to
enhance regional capacity for bioterrorism responses but has the dual use of expanding
laboratory capacity for naturally occurring outbreaks. Our review of the 2001 anthrax attacks
suggests that the Laboratory Response Network significantly enhanced regional laboratory surge
capacity. Whether the surge capacity provided by the Laboratory Response Network will be
adequate for a bioterrorism event of larger magnitude remains untested.

In addition to the specific programs described in the preceding paragraphs, the included
articles demonstrate that mutual aid agreements (such as the Master Mutual Aid agreement in
California and the Emergency Management Assistance Compact in the rest of the United States)
are key to providing surge capacity for regional responses to disasters. These agreements ensure
that every locale does not have to be staffed and prepared for a maximal intensity event. They
enable risk to be spread among several locales and disaster preparedness costs to be shared. The
literature suggests that mutual aid agreements for bioterrorism are likely to benefit from careful
pre-event consideration of liability issues, remuneration, and licensing.

We conclude that there are numerous existing systems and organizations that could contribute
to a regionalized bioterrorism response. Many of these systems have long histories of successful
participation in bioterrorism-related events such as infectious disease outbreaks and natural
disasters. However, most of these systems were designed independently, typically to facilitate
particular response tasks. Efforts to coordinate them are ongoing and have not been evaluated.

Key Question 4. Can regionalization of bioterrorism preparedness planning facilitate supplying
needed resources to local responders during a bioterrorism event?

To answer Key Question 4, we searched four sources—medical, emergency management,
and supply chain literatures and government documents—for descriptions and evaluations of
regional systems designed to facilitate the delivery of resources during a regionalized response to
bioterrorism. We found very few evaluations of regional systems from any of the literatures.
Specifically, we found no evaluations (only descriptions) of the responses to the 2001 anthrax
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attack, SARS and other naturally occurring outbreaks, responses to natural disasters, or
bioterrorism surveillance efforts. Only our review of the trauma care literature included
evaluations of the process of regionalization of the U.S. and Canadian trauma care delivery
systems.

From each of our literature sources, we sought relevant methods of evaluating the included
articles as to whether regionalization may benefit a bioterrorism response. For example,
evaluations of medical interventions (e.g., treatments for bioterrorism-related illness) may be
designed to determine whether the intervention is effective, cost-effective, or safe. Thus, from
each included article we abstracted information about any evaluative outcomes of interest
including clinical, financial, and process outcomes such as morbidity, mortality, cost of the
intervention, adherence to clinical protocols, and timeliness of administration of definitive
medical care. Similarly, we sought descriptions and evaluations of innovations in supply chain
management to determine criteria for evaluating the bioterrorism response supply chain. We
found supply chain management concepts are directly relevant to those elements of a
bioterrorism response that require the purchase, inventorying, distribution, and rapid dispensing
of medical supplies (e.g., antibiotics, vaccines, and equipment) to remotely located users (e.g.,
hospitals, pharmacies, local dispensing sites). Thus, from evaluations of supply chain, we found
five concepts relevant to the bioterrorism response supply chain: network design, inventory
management, postponement and modularization, supply chain coordination and management of
incentives, and management of information.

Despite the lack of evaluative evidence, the application of our evaluation criteria to the
included articles suggests that regionalization of some aspects of a bioterrorism response may
result in a more effective, less costly, timely delivery of key response personnel, material, and
information. The next sections summarize the evidence about regionalization of these response
resources.

Personnel. Our review of regionalized responses to disasters and outbreaks suggests that
local personnel are typically the first responders to any event. Thus, even in a regionalized
system of response personnel, well-trained local responders are essential. Training of local first
responders facilitates their personal protection; their mental health; and their ability to perform
key initial response tasks such as triage, diagnosis, management of the acutely ill and worried
well, and prevention of the spread of disease. Regionalization of personnel serves to increase the
expertise of responders (i.e., teams of trained responders serving a region can increase their
experience by responding to numerous events over a region) at reduced cost to any given
community. The included articles present numerous examples of teams of regionalized
personnel enhancing local capacity for nearly every type of response personnel (e.g., clinicians,
logisticians, public health officials, emergency management professions, pharmacists, etc.).
Often, these personnel can be obtained through mutual aid agreements or specific requests to the
relevant organizations.

The included articles emphasize three considerations relevant to regionalization of response
personnel. First, they highlight the importance of accurate accounting of regional personnel to
avoid the problems associated with double-counting of individuals who serve more than one
response unit (e.g., a single person may be a member of the Army National Guard, a Disaster
Medical Assistance Team, and a key part of the local response). A single database or coordinated
information system to record all response personnel and resources could address this issue.
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Second, for a large-scale response that includes numerous personnel, often from a variety of
sponsoring organizations, incident command must be well defined and familiar to all responders.
Thus, the chain of command during a bioterrorism event may benefit from pre-event planning,
and establishment and acceptance by relevant response agencies of protocols that delineate the
chain of command for an event commanded at the local level. Pre-event planning should include
codified protocols as to how the chain of command changes when regional and federal response
agencies become involved.

Finally, particularly during a response to an outbreak resulting from an emerging or
communicable biothreat agent, it is essential to carefully consider and address responder
incentives. During a bioterrorism event, strategies to protect responders and their families may
be an essential component of maintaining the necessary work force.

Material. Our synthesis of the included articles emphasizes two considerations for
regionalization of the materials required for a bioterrorism response. First, the principal program
for regionalization of material for a bioterrorism response is the Strategic National Stockpile,
designed to deliver a wide variety of pharmaceutical and medical supplies anywhere in the
United States within 12 hours. This program has been deployed successfully during recent years
and its leaders are working with states to develop plans for rapid dispensing of materials once
they are delivered locally. However, we found no evaluations of the capacity of local
jurisdictions to distribute and dispense these materials—although these plans are actively being
tested in simulations and exercises. Regionalization of bioterrorism response material in the
Strategic National Stockpile has the benefit of being able to reduce the total inventory that must
be stored at the national level, while still being available to local regions in a timely manner as
long as sufficient distribution capacity is available locally. Some bioterrorism response supplies
have limited shelf lives, so minimizing inventory may be important from economic and logistics
perspectives.

Second, we found several descriptions of programs of local stockpiling of antibiotics and
other bioterrorism response materials. In most cases, these local inventories are intended to
provide immediate material support to local responders before the arrival of supplies from the
Strategic National Stockpile. However, the costs and benefits of acquiring, storing, and
maintaining local inventories of medical supplies have not been established. Thus, we developed
a simulation model to evaluate the tradeoffs involved in purchasing, storing, and maintaining
local inventories. We found that increasing local inventories becomes more cost effective as the
annual probability of an attack increases. We conclude that strategies of developing and
maintaining local inventories may be highly costly, particularly in areas where the probability of
an attack is low.

Information. Our evidence review highlights three considerations relevant to
regionalization of information management. First, information management, using common
technology platforms, is essential for assessing the needs of the local community and the
resources available to it, and for coordinating responses from regional agencies. The disaster
literature and supply chain cases studies emphasize the need for updated information so that
response resources can be supplied to those in need in a timely and efficient manner.
Bioterrorism responses may benefit from a common technology platform used by multiple
response organizations. These may be as simple as a common radio frequency or as complicated
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as multiple computer networks from different regions communicating with each other to
exchange information about resource demands and availability.

Second, our review of the SARS and other recent outbreaks demonstrated that
communication and cooperation between health authorities of neighboring regions is needed.
Infectious diseases can spread quickly and communication and cooperation among neighboring
communities can facilitate a response. Often this communication can be difficult to achieve
rapidly through interim agreements. Thus, cooperation during a large-scale bioterrorism
response may benefit from pre-event development and routine use of communication systems
and specific protocols for information flow.

Third, we found no evidence specifically addressing regionalization or pooling of
surveillance information. Thus, we developed a simulation model to evaluate the effects of
pooling surveillance data from several regions. We found that some methods for setting
thresholds for determining when an outbreak has occurred may increase the false positive (i.e.,
false alarm) rate. We also found that pooling strategies may improve detection capabilities but
are highly situation-specific. In our simulation, pooling of surveillance data enhanced detection
capabilities when the correlation in cases presenting with syndromes of interest between the
individual regions was very low. Given the importance of surveillance for early detection of
bioterrorism, these preliminary analyses warrant further investigation to more accurately
characterize the effects of pooling on the sensitivity, specificity, and timeliness of surveillance
analyses.

Key Question 5. How do geographic variations in the affected population (e.g., urban as
opposed to rural), special populations (e.g., children, elderly, or disabled), and the interplay of
private and public sector players affect regionalization systems?

At any given time in the United States, there are approximately 58 million children (younger
than 14 years), 13 million elderly (older than 75 years), 50 million disabled people, and 3 million
pregnant women.®?2%?> These special populations may require bioterrorism preparedness
planners to consider alternative treatment strategies (e.g., pediatric dosing), plans for home
delivery of resources and services, and alternative methods of transporting patients to triage and
treatment sites. Similarly, rural planners typically have to consider the increased distances that
patients and response personnel have to travel to obtain prophylaxis and treatment.

The only included articles that evaluated variations in regionalized responses on the basis of
geography were those describing the regionalization of trauma care. Specifically, several articles
reported that when care in rural areas was regionalized, survival rates improved and costs
decreased.**">1:°% However, none of the included articles described the effects of
regionalization on the care of vulnerable populations or the interplay of private and public sector
players. Given the proportion of the U.S. population that may have special needs, such as
limited English-language skills, poor mobility or vision, or impaired ability to metabolize
standard doses of medications for prophylaxis or treatment; tailored response protocols are likely
to benefit from regional bioterrorism response plans.
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Chapter 4. Discussion

We must first succeed alone, that we may enjoy our success together.
—Henry David Thoreau®®

Given the complexity and cost of training, staffing, equipping, and mobilizing an adequate
bioterrorism response infrastructure, no single community can be expected to develop and
maintain the necessary capacity for a large-scale bioterrorism response. Instead, regionalization
may benefit some bioterrorism preparedness and response capabilities. Our extensive search of
four literatures relevant to bioterrorism responses (medical, emergency management, supply
chain and government documents) found that the response infrastructure for a bioterrorism event
includes numerous agencies with regionalized organizational structures. However, most of these
structures have been developed independently and efforts to coordinate them are underway but
not yet widespread. Specifically, the Department of Homeland Security, which has oversight
and coordination responsibilities for many of the agencies that would contribute to a regionalized
bioterrorism response is currently reorganizing its regional structure.

Our literature review provides six key results about regionalization of services for
bioterrorism preparedness and response. First, there have been very few evaluations of whether
regionalization has benefited a particular response organization or task. Evaluations of
regionalization were essentially limited to those of trauma care systems, which demonstrated
significant improvements in both clinical and process outcomes after regionalization. These
improvements were largely attributed to concentrating specialized trauma services in pre-
designated hospitals. Efforts to develop a regionalized infrastructure for bioterrorism responses
will likely benefit from careful evaluations of the numerous tasks involved in a bioterrorism
response and the alternative strategies for providing the necessary resources to perform these
tasks.

Second, regionalization has benefited disaster responses. Our review of the responses to
natural disasters such as hurricanes, earthquakes, and wildfires and manmade disasters such as
the destruction of the Alfred P. Murrah Federal Building in Oklahoma City and the terrorist
attacks of September 11, 2001 emphasize that during large-scale disasters, local response
capacity can be quickly overwhelmed. The key method of organizing regionalized disaster
responses is mutual aid agreements. These agreements provide the necessary surge capacity
when health services, firefighting, law enforcement and other essential services are overwhelmed
in local jurisdictions. The Emergency Management Assistance Compact has been adopted by all
states and U.S. territories except for Hawaii and California (which has longstanding mutual aid
agreements in place). The elements of successful mutual aid agreements include pre-event
ratification of legislation by all signatories to resolve issues of compensation, liability, and
insurance and uniform information systems to track needs and resources. Efforts are ongoing to
expand existing mutual aid agreements for bioterrorism responses. Specifically, bioterrorism
responses are likely to benefit from mutual aid agreements that are uniform across the United
States, that include agreements with neighboring regions of Mexico and Canada, and that
provide surge capacity for public health services.

Third, regionalization efforts have successfully expanded surge capacity for laboratory
services. Our review of the literature describing the response to SARS and the 2001 anthrax
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attacks highlighted the ability of the regionalized networks of public health and research
laboratories to rapidly expand surge capacity for pathogen identification and testing of clinical
and environmental samples. During the anthrax attacks, the Laboratory Response Network
successfully provided laboratory surge capacity. Whether this Network would be able to respond
as well to a larger bioterrorism event remains untested.

Fourth, information technologies facilitate accurate determination of response needs and
available resources, effective application of the chain of command, communication among
responders and with the public, and surveillance. Our review of evaluations of supply chains
emphasized the importance of accurate information for coordination of all elements of the supply
chain. Additionally, they demonstrated that investments in information technologies often
resulted in net cost savings for the supply chain while improving customer service. Conversely,
the disaster response literature provided examples of how inadequate information infrastructures
led to delays in responses. Regionalization of bioterrorism preparedness and response efforts
will likely benefit from careful consideration of the information technologies that can facilitate
sharing of information by different response organizations and by responders at local and
regional levels.

Fifth, local personnel are the first to respond and typically comprise a considerable
proportion of the work force during an emergency response. The disaster literature emphasizes
that local responders are often at great risk of personal injury during a response. Our literature
review emphasizes three considerations for preparedness planning efforts to enhance the capacity
of local responders. First, because local responders will always be the first on a scene during an
emergency, bioterrorism responses may benefit from first responder training that emphasizes
personal safety, triage, diagnosis, and outbreak management tasks. Second, because local
responders with training in bioterrorism preparedness may participate in more than one response
organization, careful accounting of response personnel may avoid the problems associated with
double counting of responders. Third, particularly during responses to emerging infectious
diseases or communicable bioterrorism events, strategies to protect first responders and their
families may be essential to maintaining an adequate work force.

Finally, few included articles specifically articulated lessons learned from their bioterrorism-
related preparedness or response experiences. Our review of government documents,
particularly responses of military personnel, found that organizational commitment is a key
factor in implementing a ‘lessons learned’ approach to ensuring that knowledge gained from
both good and bad experiences is maintained in institutional memory. Plans to regionalize
services for a response to a large-scale bioterrorism event could benefit from the experiences of
responses to small bioterrorism events and relevant naturally occurring outbreaks if the lessons
learned from these experiences were documented and used to improve planning efforts. Given
the complexity of a bioterrorism response, the iterative application of lessons learned from one
experience to the next requires commitment from all relevant response organizations to
institutionalize a ‘lessons learned’ approach.

Our review of the supply chain literature yielded two results. First, recognizing that several
key components of a response to large-scale bioterrorism are essentially supply chain
management issues (e.g., purchasing, inventorying, and distributing relevant supplies), we used
six criteria commonly applied to evaluations of traditional supply chains to evaluate the literature
about the bioterrorism response supply chain. These evaluations include network design,
inventory management, postponement and modularization, supply chain coordination and
management of incentives, and management of information. They supplement the evaluation
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criteria derived from other relevant literatures and serve as a framework that can be applied to
future evaluations of bioterrorism preparedness and response systems. Second, there is scant
evidence about the incentives of bioterrorism response personnel and organizations. The
complexity of a large-scale bioterrorism event suggests that coordination of such a response may
benefit from a careful pre-event evaluation and from attempts to align the incentives of relevant
response organizations.

We found no evidence about regionalization of two essential components of bioterrorism
preparedness and response: surveillance and the timely delivery of medical supplies for
prophylaxis and treatment. To address these significant gaps in the literature, we created two
simulation models. The preliminary results of our surveillance model suggest that whereas large
outbreaks can be relatively easy to detect using either unpooled or pooled (i.e., regionalized) data
analysis methods; small outbreaks can be difficult to detect by both methods. Additionally, we
found that pooling strategies may improve detection capabilities but the circumstances under
which pooling strategies are consistently more effective or cost effective than using unpooled
data, remain poorly characterized.

Our inventory management simulation model yielded three interesting results. First, we
found that the mortality associated with anthrax bioterrorism may be highly sensitive to the
demand for prophylactic antibiotics. This is a critical finding given that for many types of
bioterrorism responses, it will be difficult to determine whether an individual has been exposed
to the biothreat agent. Second, for a large-scale bioterrorism event, strategies that deliver
multiple Push Packs until the regional Vendor Managed Inventory has been delivered may
reduce mortality. We plan future analyses to evaluate other inventory-dependent strategies for
delivering and dispensing antibiotics (e.g., dispensing short courses of antibiotics if the on-hand
inventory is low or the demand is high). Finally, whereas our literature search found several
references to local organizations purchasing and maintaining local inventories of
pharmaceuticals and supplies for a bioterrorism response, our simulation model found that
increasing the availability of local inventories may be cost effective only if the annual probability
of attack is high.

Our conclusions are limited by quality of available evidence in two ways. First, very few of
the included articles were evaluations of regionalization of bioterrorism-related services; rather,
most were descriptions of responses to outbreaks or disasters. The design and implementation of
rigorous evaluations of regionalization of bioterrorism-related services may be technically
difficult. However, bioterrorism preparedness planning efforts would likely benefit from
detailed evaluations of various strategies to regionalize each of the heterogeneous tasks required
of a bioterrorism response. Second, we found little evidence regarding regionalization of
bioterrorism preparedness for special populations such as children, pregnant women, the elderly,
and the disabled. Recent Census data indicates that nearly 130 million people in the United
States can be considered a member of one or more “special populations.” Without information
about bioterrorism response services for them, policy makers are limited in their ability to
specifically plan for the needs of these vulnerable populations during a bioterrorism response.

We conclude that regionalization is likely to benefit elements of a bioterrorism response
including the provision of surge capacity in essential response services such as triage, the
provision of medical care, distribution and dispensing of prophylactic therapies, outbreak
investigation, security management, and emergency management. Additionally, regionalization
is likely to be a cost effective strategy for developing teams of trained response personnel and
maintaining inventories of response equipment. There are numerous response organizations with
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regionalized infrastructures that will serve key functions during a large-scale bioterrorism
response. Coordination of these organizations may benefit from implementation of information
management strategies and pre-event agreements that specify response roles, remuneration, and
chain of command.

Future Research

As we noted, despite the large number of studies and articles we reviewed, we found very
few evaluations of systems relevant to bioterrorism preparedness, and even fewer evaluations of
the regionalization of a system relevant to bioterrorism preparedness. Future research is needed
to fill this gap in the literature. Specifically, evaluations are needed for a better understanding of
the costs and benefits of regionalization of surveillance, inventory management and distribution
systems, and information management.

Because of the challenges of performing comprehensive evaluations of bioterrorism-relevant
responses, modeling may be an effective means of supplementing this evaluative evidence.
Specifically, future modeling efforts might investigate the costs and benefits of various strategies
for regionalizing or pooling surveillance data (e.g., determining how pooling of surveillance data
changes the surveillance system’s sensitivity, specificity, and timeliness). Additionally,
simulation models may evaluate the costs and benefits of strategies of inventory management
and distribution for a communicable bioterrorism outbreak such as smallpox. Such a model
would likely require the evaluation of dispensing strategies like door-to-door, postal-type
distribution to avoid contact between the exposed and infectious populations at dispensing sites.

112



Roosevelt E. In a letter to journalist Martha
Gellhorn, dated April 5, 1938. In: Lash JP,
ed. Eleanor and Franklin; 1971:ch. 47.

Kanof ME. Severe Acute Respiratory
Syndrome: Established Infectious Disease
Control Measures Helped Contain Spread,
But a Large-Scale Resurgence May Pose
Challenges. Washington: United States
General Accounting Office; July 30 2003.
GAO-03-1058T.

Bravata DM, McDonald K, Owens DK, et
al. Bioterrorism Preparedness and
Response: Use of Information Technologies
and Decision Support Systems (Evidence
Report/Technology Assessment No. 59).
Rockville, MD: Prepared by the UCSF-
Stanford Evidence-based Practice Center
under Contract No. 290-97-0013 for the
Agency for Healthcare Research and
Quality; June 2002.

Wetter DC, Daniell WE, Treser CD.
Hospital preparedness for victims of
chemical or biological terrorism. Am J
Public Health. May 2001;91(5):710-716.

English JF. Overview of bioterrorism
readiness plan: a template for health care
facilities. Am J Infect Control.
1999;27(6):468-469.

Bioterrorism readiness plan--a template for
healthcare facilities. Association for
Professionals in Infection Control and
Epidemiology Inc. and Centers for Disease
Control and Prevention. ED Manag.
1999;11(11):suppl 1-16.

Proceedings of the National Symposium on
Medical and Public Health Response to
Bioterrorism. Arlington, Virginia, USA.
February 16-17, 1999. Emerg Infect Dis.
1999;5(4):491-592.

Layton M. Bioterrorism Preparedness
Checklist - Local Public Health Agency
Perspective. Paper presented at: Informal
Discussions on Strengthening National
Preparedness and Response to Biological
Weapons; 6-8 March 2002, 2002; Rome.

113

References and Included Studies

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Manning FJ, Goldfrank L, eds. Preparing
for Terrorism: Tools for Evaluating the
Metropolitan Medical Response System
Program. Washington, D.C.: National
Academy Press; 2002. Institute of Medicine:
Board on Health Science Policy.

Helget V, Smith PW. Bioterrorism
preparedness: a survey of Nebraska health
care institutions. Am J Infect Control. Feb
2002;30(1):46-48.

Treat KN, Williams JM, Furbee PM,
Manley WG, Russell FK, Stamper CD, Jr.
Hospital preparedness for weapons of mass
destruction incidents: an initial assessment.
Ann Emerg Med. Nov 2001;38(5):562-565.

Hick JL, Leitheiser A. Integrated planning
for disaster. A model for Minnesota
hospitals. Minn Med. Aug 2002;85(8):44-47.

Case GG, West BM, McHugh CJ. Hospital
preparedness for biological and chemical
terrorism in central New Jersey. N J Med.
Nov 2001;98(11):23-33.

The Hospital Emergency Incident Command
System: San Mateo County Department of
Health Services; June 1998.

California Hospital Bioterrorism Response
Planning Guide: California Department of
Health Services; 2002.

Analyzing your vulnerability to hazards. Jt
Comm Perspect. Dec 2001;21(12):8-9.

What the survey process expects of your
organization. Jt Comm Perspect. Dec
2001;21(12):6-7.

Using JCAHO standards as a starting point
to prepare for an emergency. Jt Comm
Perspect. Dec 2001;21(12):4-5.

Developing practical emergency
management education programs. Jt Comm
Perspect. Dec 2001;21(12):3.



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Responding effectively in the midst of a
natural emergency. Jt Comm Perspect. Dec
2001;21(12):22-23.

Nuclear, biological, and chemical
decontamination. Jt Comm Perspect. Dec
2001;21(12):20-21.

The need for a national bioterrorism
response. Jt Comm Perspect. Dec
2001;21(12):2.

Caring for our own. Jt Comm Perspect. Dec
2001;21(12):19, 23.

Talking to each other in a crisis. Jt Comm
Perspect. Dec 2001;21(12):16-17.

The power of preparation. Jt Comm
Perspect. Dec 2001;21(12):13-15.

Managing people and resources effectively.
Jt Comm Perspect. Dec 2001;21(12):12, 18.

Preparing for a mass casualty event. Jt
Comm Perspect. Dec 2001;21(12):10-11.

Joint Commission zeroes in on disaster
plans: is yours up to par? ED Manag. Feb
2002;14(2):13-15; suppl 11-13.

Hospital Preparedness for Mass Casualties.
Chicago: American Hospital Association;
March 8-9 2000.

Bentley JD. Hospital preparedness for
bioterrorism. Public Health Rep.
2001;116(Suppl 2):36-39.

Training of Clinicians for Public Health
Events Relevant to Bioterrorism
Preparedness. Rockville, MD: Agency for
Healthcare Research and Quality; January
2002. AHRQ Publication No. 02-E011.

Halm EA, Lee C, Chassin MR. Is volume
related to outcome in health care? A
systematic review and methodologic critique
of the literature. Ann Intern Med. Sep 17
2002;137(6):511-520.

Elliott DC, Rodriguez A. Cost effectiveness
in trauma care. Surg Clin North Am. Feb
1996;76(1):47-62.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

45,

Mullins RJ, Veum-Stone J, Helfand M, et al.
Outcome of hospitalized injured patients
after institution of a trauma system in an
urban area. JAMA. Jun 22-29
1994;271(24):1919-1924.

Mullins RJ, Veum-Stone J, Hedges JR, et al.
Influence of a statewide trauma system on
location of hospitalization and outcome of
injured patients. J Trauma. Apr
1996;40(4):536-545; discussion 545-536.
Mullins RJ, Mann NC, Hedges JR, Worrall
W, Jurkovich GJ. Preferential benefit of
implementation of a statewide trauma
system in one of two adjacent states. J
Trauma. Apr 1998;44(4):609-616;
discussion 617.

Mullins RJ, Mann NC. Population-based
research assessing the effectiveness of
trauma systems. J Trauma. Sep 1999;47(3
Suppl):S59-66.

Nathens AB, Maier RV. The relationship
between trauma center volume and outcome.
Adv Surg. 2001;35:61-75.

Okumura T, Suzuki K, Fukuda A, et al. The
Tokyo subway sarin attack: disaster
management, Part 1: Community emergency
response. Acad Emerg Med. Jun
1998;5(6):613-617.

What is CERT? CERT Los Angeles. July 21.
Available at: www.cert-
la.com/WhatlsCert.htm. Accessed
September 4, 2003.

Noji EK. Progress in disaster management.
Lancet. May 21 1994;343(8908):1239-1240.

Noji EK. The public health consequences of
disasters. Prehospital Disaster Med. Oct-
Dec 2000;15(4):147-157.

Noji EK. Advances in disaster medicine.
Eur J Emerg Med. 2002;9(2):185-191.

Maniscalco PM, Christen HT.
Understanding Terrorism and Managing the
Consequences. Upper Saddle River, NJ:
Prentice Hall; 2001.

Maniscalco PM, Christen HT. EMS incident
management: emergency medical logistics.
Emerg Med Serv. Jan 1999;28(1):49-52.



46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

Richey SK. Operational Command and
Control of Federal Domestic Emergency
Response Operations. Newport, R.I.: Naval
War College; May 16 2000.

Ganeshan R, Harrison TP. An Introduction
to Supply Chain Management. Department
of Management Science and Information
Systems, Penn State University. May 22.
Available at:
http://silmaril.smeal.psu.edu/misc/supply_ch
ain_intro.html. Accessed December 16,
2002.

Burns LR, ed. The Health Care Value
Chain: Producers, Purchasers, and
Providers. San Francisco: Jossey-Bass;
2002.

Raobeson JF, Copacino WC, eds. The
Logistics Handbook. New York: The Free
Press; 1994.

Lin G, Ettl M, Buckley S, et al. Extended-
Enterprise Supply-Chain Management at
IBM Personal Systems Group and Other
Divisions. Interfaces. Jan-Feb 2000;30(1):7-
25.

Arntzen BC, Brown GC, Harrison TP,
Trafton LL. Global Supply Chain
Management at Digital Equipment
Corporation. Interfaces. January-February
1995;25(1):69-93.

Davis EW. General Electric TSBO (A):
Purchasing and Just-in-Time.
Charlottesville, VA: Darden Graduate
School of Business Administration,
University of Virginia; 1983.

Mohammed A. Polaroid Corporation:
European Distribution System. Boston, MA:
Harvard Business School; June 26 1995.

Sery S, Presti V, Shobrys DE. Optimization
Models for Restructuring BASF North
America's Distribution System. Interfaces.
May-June 2001;31(3):55-65.

Graves SC, Willems SP. Optimizing
Strategic Safety Stock Placement in Supply
Chains. Manufacturing and Service
Operations Management. Winter
2000;2(1):68-83.

115

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Nahmias S. Supply Chain Management.
Production and Operations Analysis. 4th ed.
Boston: McGraw-Hill; 2001.

Cheng F, Ettl M, Yao DD. Inventory-
Service Optimization in Configure-to-Order
Systems. Manufacturing and Service
Operations Management. Spring
2002;4(2):114-132.

Lee HL, Billington C. The Evolution of
Supply-Chain-Management Models and
Practice at Hewlett-Packard. Interfaces.
September-October 1995;25(5):42-63.

Ernst R, Kamrad B. Evaluation of supply
chain structures through modularization and
postponement. European Journal of
Operational Research. 2000;124:495-510.

Brown AO, Lee HL, Petrakian R. Xilinx

Improves its Semiconductor Supply Chain
Using Product and Process Postponement.
Interfaces. July-August 2000;30(4):65-80.

Thonemann UW, Brandeau ML. Optimal
Commonality in Component Design.
Operations Research. Jan-Feb 2000;48(1):1-
19.

Inglesby TV. Observations from the Top Off
exercise. Public Health Rep.
2001;116(Suppl 2):64-68.

Gehman HW, Barry JL, Deal DW, et al.
Columbia Accident Investigation Board.
Washington, D.C.: National Aeronautics and
Space Administration; August 2003.

Dembek Z, Myers M, Carley K, Hadler J.
Connecticut Hospital Admissions
Syndromic Surveillance. J Urban Health.
June 1 2003;80(Suppl 1):i121-122.

Lober WB, Karras BT, Wagner MM, et al.
Roundtable on bioterrorism detection:
information system-based surveillance. J Am
Med Inform Assoc. Mar-Apr 2002;9(2):105-
115.

DoD Global Emerging Infections System:
Partnering in the Fight Against Emerging
Infections: Global Emerging Infections
System; 2000.

Lombardo J, Burkom H, Elbert E, et al. A
Systems Overview of the Electronic



68.

69.

70.

71.

72.

73.

74.

75.

Surveillance System for the Early
Notification of Community-Based
Epidemics (ESSENCE I1). J Urban Health.
Jun 2003;80(Suppl 1):132-142.

Platt R, Bocchino C, Caldwell B, et al.
Syndromic surveillance using minimum
transfer of identifiable data: the example of
the national bioterrorism syndromic
surveillance demonstration program. J
Urban Health. Jun 2003;80(Suppl 1):125-
131.

Mostashari F, Fine A, Das D, Adams J,
Layton M. Use of ambulance dispatch data
as an early warning system for
communitywide influenzalike illness, New
York City. J Urban Health. Jun
2003;80(Suppl 1):143-149.

Chapman WW, Allegra J, Rothman J.
Syndromic Surveillance from Free-Text
Triage Chief Complaints. J Urban Health.
June 1 2003;80(Suppl 1):i120.

Teich JM, Wagner MM, Mackenzie CF,
Schafer KO. The informatics response in
disaster, terrorism, and war. J Am Med
Inform Assoc. Mar-Apr 2002;9(2):97-104.

Miller B, Kassenborg H, Dunsmuir W, et al.
Syndromic Surveillance for Bioterrorism: a
System for Rapid Detection of Influenzalike
IlIness and Bioterrorism-Related Outbreaks.
J Urban Health. June 1 2003;80(Suppl
1):i117.

Lober WB, Trigg LJ, Karras BT, et al.
Syndromic surveillance using automated
collection of computerized discharge
diagnoses. J Urban Health. Jun
2003;80(Suppl 1):197-1106.

Bravata DM, Rahman MM, Luong N, Divan
HA, Cody SH. A Comparison of Syndromic
Incidence Data Collected by Triage Nurses
in Santa Clara County with Regional
Infectious Disease Data. J Urban Health.
June 1 2003;80(Suppl 1):i122.

Lazarus R, Kleinman KP, Dashevsky I,
DeMaria A, Platt R. Using automated
medical records for rapid identification of
illness syndromes (syndromic surveillance):
the example of lower respiratory infection.
BMC Public Health. 2001;1(1):9.

116

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Brillman JC, Joyce EL, Forslund DW, et al.
The Biosurveillance Analysis, Feedback,
Evaluation, and Response (B-SAFER)
System. J Urban Health. June 1
2003;80(Suppl 1):i119-120.

Eidson M. "Neon needles" in a haystack: the
advantages of passive surveillance for West
Nile virus. Ann N Y Acad Sci. Dec
2001;951:38-53.

Zaric GS, Bravata DM, McDonald KM,
Owens DK. Regionalization of Syndromic
Surveillance for Bioterrorism. In press.

Zaric GS, Bravata DM, Holty JE, et al.
Modeling the Logistics of Responding to a
Large Scale Anthrax Attack in the United
States. Med Decis Making. In press.

Karabakal N, Gunal A, Ritchie W. Supply-
Chain Analysis at Volkswagen of America.
Interfaces. July-August 2000;30(4):46-55.

Hahn CK, Duplaga EA, Hartley JL. Supply-
Chain Synchronization: Lessons from
Hyundai Motor Company. Interfaces. July-
August 2000;30(4):32-45.

Rao U, Scheller-Wolf A, Tayur S.
Development of a Rapid-Response Supply
Chain at Caterpillar. Operations Research.
March-April 2000;48(2):189-204.

Lee HL, Hoyt DB. Lucent Technologies:
Global Supply Chain Management.
Stanford, CA: Graduate School of Business,
Stanford University; January 2001.

Chen E, Enna A, Jordan S, et al. Instill
Corporation: Improving the Foodservice
Industry Supply Chain. Stanford, CA:
Graduate School of Business, Stanford
University; February 2000.

Takeda Y, Matsuo H. ECR: a "fresh" look
from Japan. ECR Journal. Winter
2002;2(2):17-27.

Lockamy A. Supply-Chain Excellence for
Accelerated Improvement. Interfaces. July-
August 2000;30(4):22-31.

Ghemawat P, Neueno JL. ZARA: Fast
Fashion. Boston, MA: Harvard Business
School; April 1 2003.



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

LFM Scheduling and Logistics Control.
LFM Research Group 3. June 16, 2000.
Available at:
http://web.mit.edu/Ifmrg3/www/. Accessed
September 26, 2003.

Gostin LO, Sapsin JW, Teret SP, et al. The
Model State Emergency Health Powers Act:
planning for and response to bioterrorism
and naturally occurring infectious diseases.
JAMA. Aug 7 2002;288(5):622-628.

Gostin LO. Public health law in an age of
terrorism: rethinking individual rights and
common goods. Health Aff. Nov-Dec
2002;21(6):79-93.

Lopez W. West Nile virus in New York
City. Am J Public Health. Aug
2002;92(8):1218-1221.

Lopez W. New York City and state legal
authorities related to syndromic
surveillance. J Urban Health. Jun
2003;80(Suppl 1):123-124.

Barbera J, Macintyre A, Gostin L, et al.
Large-scale quarantine following biological
terrorism in the United States: scientific
examination, logistic and legal limits, and
possible consequences. JAMA. Dec 5
2001;286(21):2711-2717.

Knouss RF. National disaster medical
system. Public Health Rep. 2001;116(Suppl
2):49-52.

Pretto EA, Jr., Safar P. National medical
response to mass disasters in the United
States. Are we prepared? JAMA. Sep 4
1991;266(9):1259-1262.

Kizer KW, Cushing TS, Nishimi RY. The
Department of Veterans Affairs' role in
Federal Emergency Management. Ann
Emerg Med. Sep 2000;36(3):255-261.

Angus DC, Pretto EA, Abrams JI, et al.
Epidemiologic assessment of mortality,
building collapse pattern, and medical
response after the 1992 earthquake in
Turkey. Disaster Reanimatology Study
Group (DRSG). Prehospital Disaster Med.
1997;12(3):222-231.

117

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Babb J, Downs K. Fighting back:
pharmacists' roles in the federal response to
the September 11 attacks. J Am Pharm
Assoc. Nov-Dec 2001;41(6):834-837.
Streger MR. The structure and role of
DMAT teams. Emerg Med Serv. Apr
2000;29(4):57-58, 60, 70.

Hogan J, Rega P, Forkapa B. A civilian-
sponsored DMAT: a community's
collaboration among three hospitals. J
Emerg Nurs. Jul-Aug 1990;16(4):245-247.

Rodenbeck SE. The needs of a disaster
medical assistance team for environmental
support services. Mil Med. Jan
1990;155(1):12-13.

Charbonneau R. Kosova relief efforts at Fort
Dix, New Jersey: one DMAT nurse's
experience. J Emerg Nurs. Oct
1999;25(5):51a-52a.

Lewis-Rakestraw L. Response of the New
Mexico Disaster Medical Assistance Team
in St. Croix after Hurricane Hugo. J Emerg
Nurs. Jun 1991;17(3):162-164.

Henderson AK, Lillibridge SR, Salinas C,
Graves RW, Roth PB, Noji EK. Disaster
medical assistance teams: providing health
care to a community struck by Hurricane
Iniki. Ann Emerg Med. Apr 1994;23(4):726-
730.

National Disaster Medical System; medical
manpower component establishment--Health
Resources and Services Administration,
HHS. Notice. Fed Regist. Apr 20
1988;53(76):12994-12995.

Roth PB, Gaffney JK. The federal response
plan and disaster medical assistance teams in
domestic disasters. Emerg Med Clin North
Am. May 1996;14(2):371-382.

Sacra JC, Murphy M. Oklahoma City and
Tulsa Metropolitan Medical Response
System. J Okla State Med Assoc. Apr
2002;95(4):281-285.

Macintyre AG, Christopher GW, Eitzen E,
Jr., et al. Weapons of mass destruction
events with contaminated casualties:
effective planning for health care facilities.
JAMA. Jan 12 2000;283(2):242-249.



100.

110.

111.

112.

113.

114.

115.

116.

117.

Gostin LO, Hodge JG. Turning Point:
Collaborating for a New Century in Public
Health. State Public Health Law Assessment
Report: Turning Point Public Health Statute
Modernization National Excellence
Collaborative, Turning Point National
Program Office, University of Washington;
April 1 2002.

Executive Summary: Smallpox Response
Plan: Centers for Disease Control and
Prevention; December 6 2002.

Green CB. The Role of Air Force
Aeromedical Evacuation in Support of
Military Operations. Washington, D.C.:
United States Senate, Armed Services
Committee; March 13 2002.

Winslow F, Walmsley J. Metropolitan
Medical Strike Team Systems: Responding
to the Medical Demands of WMD/NBC
Events. In: Farazmand A, ed. Encyclopedia
Handbook of Crisis and Emergency
Management: Marcel Dekker, Inc.; 2001.

Heinrich J. Homeland Security: New
Department Could Improve Coordination
but Transferring Control of Certain Public
Health Programs Raises Concerns.
Washington, D.C.: United States General
Accounting Office; July 16 2002.

Heinrich J. Homeland Security: New
Department Could Improve Biomedical
R&D Coordination but May Disrupt Dual-
Purpose Efforts. Washington, D.C.: United
States General Accounting Office; July
2002.

Heinrich J. Homeland Security: New
Department Could Improve Coordination
but May Complicate Public Health Priority
Setting. Washington, D.C.: United States
General Accounting Office; June 25 2002.

Walker DM. Homeland Security:
Challenges and Strategies in Addressing
Short- and Long-Term National Needs.
Washington, D.C.: Committee on the
Budget, House of Representatives;
November 7 2001.

Federal Response Plan. Washington, D.C.:
Federal Emergency Management Agency;
1992.

118

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

A Nation Prepared: Federal Emergency
Management Agency Strategic Plan, Fiscal
Years 2003-2008. Washington, D.C.:
Federal Emergency Management Agency;
2002.

HRSA Annual Report. Washington, D.C.:
HRSA,; 2001.

Bioterrorism: Information Technology
Strategy Could Strengthen Federal
Agencies' Abilities to Respond to Public
Health Emergencies. Washington, D.C.:
General Accounting Office; May 2003.
GAO-03-139.

Gebicke ME. Combating Terrorism: Use of
National Guard Response Teams is Unclear.
Washington, D.C.: United States General
Accounting Office; May 1999.

Mughal M. Biological Weapons Improved
Response Program. Arlington, V.A.: U.S.
Army Soldier and Biological Chemical
Command Department of Defense; April 30
2001.

Mughal M. Biological Weapons Response
Template and Decision Tree. Arlington,
V.A.: U.S. Army Soldier and Biological
Chemical Command Department of
Defense; April 30 2001.

A Mass Casualty Care Strategy for
Biological Terrorism Incidents:
Preparedness Program by the Department of
Defense; May 1 2001.

CDC's Mission. Centers for Disease Control
and Prevention. August 12. Available at:
http://www.cdc.gov/aboutcdc.htm#mission.
Accessed August 19, 2003.

Alabama Public Health Areas. Alabama
Department of Public Health. August 15.
Available at:
http://www.alapubhealth.org/cancer/Public_
Health_Area.htm. Accessed September 9,
2003.

Texas Public Health Regions. Texas
Department of Health. May. Available at:
http://www.tdh.state.tx.us/state.htm.
Accessed September 9, 2003.



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

NDMS: Catastrophic Care for the Nation.
Department of Health and Human Services.
Available at:
ndms.hhs.gov/NDMS/About_Teams.
Accessed August 8, 2002.

About Teams. National Disaster Medical
System. Available at;
http://ndms.dhhs.gov/NDMS/About_Teams/
about_teams.html. Accessed August 8,
2002.

Frequently Asked Questions. National
Disaster Medical System. Available at:
http://www.ndms.dhhs.gov/NDMS/FAQ/faq
.html. Accessed August 8, 2002.

DMAT CA-1. Orange County Disaster
Medical Assistance Team CA-1, Inc.
Available at: http://dmatca-1.org. Accessed
August 8, 2002.

NDMS and DMAT. Office of Emergency
Preparedness. Available at:
http://oep.osophs.dhhs.gov/dmat/about/ndms
.html. Accessed August 8, 2002.

Metropolitan Medical Response System
(MMRS): Program Overview. Department
of Homeland Security. Available at:
http://mmrs.hhs.gov/PublicDocs/08-12-
03_MMRS_Final_Briefing.ppt. Accessed
August 25, 2003.

Homeland Security Act of 2002. United
States Congress. Available at:
http://www.dhs.gov/interweb/assetlibrary/hr
_5005_enr.pdf. Accessed September 2,
2003.

DHS Organization; DHS Agencies; Who
will be part of the new department?
Department of Homeland Security.
Available at:
http://www.dhs.gov/dhspublic/display?them
e=13. Accessed September 9, 2003.

Map of Veterans Health Administration.
Department of Verterans Affairs. Available
at:
http://www.va.gov/sta/guide/map.asp?divisi
onid=1. Accessed August 25, 2003.

Terrorism Incident Annex, Federal
Response Plan: Federal Emergency
Management Agency; April 1999.

119

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Babb J, Tosatto R, Hayslett J. Disaster
planning and emergency preparedness:
lessons learned. J Am Pharm Assoc. Sep-Oct
2002;42(5 Suppl 1):S50-51.

Hsu EB, Jenckes MW, Catlett CL, et al.
Training of Hospital Staff to Repond to a
Mass Casualty Event. Rockville, MD:
Agency for Healthcare Research and
Quality; in press. Contract No. 290-02-0018.

AHRQ Bioterrorism Preparedness Research
Portfolio. Agency for Healthcare Research
and Quality. June 2003. Available at:
http://www.ahrg.gov/research/bioterport.htm
. Accessed October 13, 2003.

Bioterrorism and Emergency Preparedness.
Health Resources and Services
Administration. Available at:
http://www.hrsa.gov/bioterrorism.htm.
Accessed October 13, 2003, 2003.

The Future of the Public's Health in the 21st
Century. Washington, D.C.: National
Academies Press; 2002.

Local Public Health Agency Infrastructure:
A Chartbook: National Association of
County and City Health Officials; October
2001.

Mertz E, Finocchio L. A Snapshot of
California's Local Public Health
Departments. San Francisco, CA: Center for
California Health Workforce Studies at the
University of California, San Francisco;
June 1999.

Managing the Unexpected: Four Case Study
Reports. Washington, D.C.: U.S. Medicine
Institute for Health Studies, Executive
Leadership Program 2002; 2002.

Freund LW. Allowing Access to the Selected
Reserve for Domestic Disaster Relief
Operations. Carlisle Barracks, P.A.: U.S.
Army War College; April 7 1997.

Spiese MG. The National Guard and WMD
Homeland Defense: School of Advanced
Military Studies; May 21 1998.

Chase DW. Reviewing the Role of the Army
National Guard in the Twenty-First Century.
Fort Leavenworth, K.S.: School of
Advanced Military Studies United States



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Army Command and General Staff College;
January 2 2001.

Update: Investigation of anthrax associated
with intentional exposure and interim public
health guidelines, October 2001. MMWR
Morb Mortal Wkly Rep. Oct 19
2001;50(41):889-893.

Maillard JM, Fischer M, McKee KT, Jr.,
Turner LF, Cline JS. First case of
bioterrorism-related inhalational anthrax,
Florida, 2001: North Carolina investigation.
Emerg Infect Dis. 2002;8(10):1035-1038.

Update: investigation of bioterrorism-related
inhalational anthrax--Connecticut, 2001.
MMWR Morb Mortal Wkly Rep. Nov 30
2001;50(47):1049-1051.

Holty JE, Bravata DM, Wilhelm ER, et al.
Systematic review of inhalational anthrax in
the U.S.: 1900 to 2001. Manuscript under
review.

Plotkin SA, Brachman PS, Utell M,
Bumford FH, Atchison MM. An epidemic of
inhalation anthrax, the first in the twentieth
century: 1. Clinical features. Am J Med. Jan
2002;112(1):4-13.

Hupert N, Bearman GM, Mushlin Al,
Callahan MA. Accuracy of screening for
inhalational anthrax after a bioterrorist
attack. Ann Intern Med. Sep 2 2003;139(5 Pt
1):337-345.

Jernigan JA, Stephens DS, Ashford DA, et
al. Bioterrorism-related inhalational anthrax:
the first 10 cases reported in the United
States. Emerg Infect Dis. Nov-Dec
2001;7(6):933-944.

Perkins BA, Popovic T, Yeskey K. Public
health in the time of bioterrorism. Emerg
Infect Dis. Oct 2002;8(10):1015-1018.

Lane HC, Fauci AS. Bioterrorism on the
home front: a new challenge for American
medicine. JAMA. Nov 28
2001;286(20):2595-2597.

Developments in Anthrax Scare. Kansas
City Star. September 27, 2001.

120

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

New World Coming: American Security in
the 21st Century. US Commission on
National Security for the 21st Century.
September. Available at: www.nssg.gov.
Accessed August 12, 2003.

Young S. Expert: Government gets 'D' on
anthrax response. Cable News Network.
November 7, 2001. Available at:
http://www.cnn.com/2001/HEALTH/conditi
ons/11/06/bioterrorism.conference/index.ht
ml. Accessed August 31, 2003.

GAO Congressional Report; Bioterrorism:
Preparedness varied across state and local
jurisdictions. Washington, D.C.:
Government Accounting Office; 2003.

Gursky E, Laglesby TV, O'Toole T. Anthrax
2001: observations on the medical and
public health response. Biosecurity
Bioterrorism. 2003;1(2):97-110.

Guidelines for Surveillance and Control of
Anthrax in Humans and Animals. World
Health Organization. June. Available at:
http://ww.who.int/emc. Accessed August
12, 2003.

Cieslak TJ, Eitzen EM, Jr. Clinical and
epidemiologic principles of anthrax. Emerg
Infect Dis. Jul-Aug 1999;5(4):552-555.

Barbera JA, Macintyre AG. The reality of
the modern bioterrorism response. Lancet.
Dec 2002;360(Suppl):s33-34.

Falkenrath RA. US Domestic Preparedness
and the Complex Threat of Bioterrorism.
Paper presented at: Second National
Symposium on Medical and Public Health
Response to Bioterrorism; November 28,
2000.

Dalton PA. Combating Terrorism:
Intergovernmental Cooperation in the
Development of a National Strategy to
Enhance State and Local Preparedness.
Washington, D.C.: General Accounting
Office; April 2 2002. GAO-02-550T.

Heinrich J. Bioterrorism: Review of Public
Health Preparedness Programs.
Washington, D.C.: United States General
Accouting Office; October 10 2001.



169.

170.

171.

172.

173.

174.

175.

176.

177.

Bioterrorism: Federal Research and
Preparedness Activities. Washingon, D.C.
United States General Accounting Office;
September 2001.

Public Health Emergency Response: The
CDC Role. Centers for Disease Control and
Prevention. October 14. Available at:
www.bt.cdc.gov/DocumentsApp/Improving
BioDefense/ImprovingBioDefense.asp.
Accessed August 22, 2003.

HHS initiative prepares for possible
bioterrorism threat. Department of Health
and Human Services. August 16. Available
at:
www.hhs.gov/news/2001press/O1fshioterrori
sm.html. Accessed August 21, 2003.

Lillibridge SR. Restructuring government
for homeland security:
nuclear/biological/chemical threats.
Washington, D.C. December 15 2001.

Heller MB, Bunning ML, France ME, et al.
Laboratory response to anthrax bioterrorism,
New York City, 2001. Emerg Infect Dis. Oct
2002;8(10):1096-1102.

Scardaville M. Homeland Security,
Strengthening Capabilities to Protect
America. Issues 2003: The Policymaker's
Briefing Book: The Heritage Foundation;
2003.

CDC's Public Health Emergency
Preparedness and Response: How to Handle
Anthrax and Other Biological Agents.
Centers for Disease Control and Prevention.
October 12. Available at:
www.bt.cdc/DocumentsApp/Anthrax/10122
001Handle/10122001Handle.asp. Accessed
August 21, 2003.

CDC's Programs in Brief: Epidemic
Information Exchange (Epi-X). Centers for
Disease Control and Prevention. February.
Available at:
www.cdc.gov/programs/research5.pdf.
Accessed August 21, 2003.

Casani J, Matuszak DL, Benjamin GC.
Under Siege: One State's Perspective of the
Anthrax Events of October/November 2001.
Biosecurity and Bioterrorism. 2003;1(1):43-
45,

121

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Thompson TG. Fighting Bioterrorism
Together. Paper presented at: US
Conference of Mayors; October 24, 2001;
Washington, D.C.

Dodge WR. Regional Emergency
Preparedness Compacts: Safeguarding the
Nation's Communities. March. Available at:
www.regionalstewardship.org/Documents/R
EPCSReports.pdf. Accessed August 25,
2003.

Davis LM, Blanchard JC. Are Local Health
Responders Ready for Biological and
Chemical Terrorism? Santa Monica, C.A.:
RAND; 2002.

Haffer AS, Rogers JR, Montello MJ, Frank
EC, Ostroff C. 2001 anthrax crisis in
Washington, D.C.: clinic for persons
exposed to contaminated mail. Am J Health
Syst Pharm. Jun 15 2002;59(12):1189-1192.

Presidential Decision Directive/NSC-63
(PDD-63). Critical Infrastructure
Protection. Available at:
www.fas.org/irp/offdocs/pdd/pdd_63.htm.
Accessed August 25, 2003.

CDC Reports Second Anthrax Case Found
in Florida. U.S. Department of State.
October 7. Available at:
http://usinfo.state.gov/topical/pol/terror/011
00901.htm. Accessed August 26, 2003.

Butler JC, Cohen ML, Friedman CR, Scripp
RM, Watz CG. Collaboration between
public health and law enforcement: new
paradigms and partnerships for bioterrorism
planning and response. Emerg Infect Dis.
Oct 2002;8(10):1152-1156.

American Anthrax Outbreak 2001. UCLA
Department of Epidemiology School of
Public Health. Available at:
www.ph.ucla.edu/epi/bioter/detect/antdetect
_intro.html. Accessed August 26, 2003.

President Decision Directive 39 (PDD-39).
Federal Response Plan: Notice of Change.
Federal Emergency Management Agency.
Available at:
www.fas.org/irp/offdocs/pdd39_frp.htm.
Accessed August 25, 2003.

About FEMA.. Federal Emergency
Management Agency. Available at:



188.

189.

190.

191.

192.

193.

194,

195.

www.fema.gov/nwz01/nz01_92.shtm.
Accessed August 26, 2001.

2001 Disaster Activity. Federal Emergency
Management Agency. August 21. Available
at: www.fema.gov/library/diz01.shtm.
Accessed August 26, 2003.

Biological and chemical terrorism: strategic
plan for preparedness and response.
Recommendations of the CDC Strategic
Planning Workgroup. MMWR Recomm Rep.
Apr 21 2000;49(RR-4):1-14.

The Public Health Response to Biological
and Chemical Terrorism: Interim Planning
Guidance for State and Public Health
Officials. U.S. Department of Health and
Human Services, Centers for Disease
Control and Prevention. July. Available at:
www.slu.edu/colleges/sph/csbei/bioterroris
m/key-references/government.htm.
Accessed August 25, 2003.

CDC's Bioterrorism Preparedness and
Response Core Capacity Project 2001.
Centers for Disease Control and Prevention.
Available at:
www.bt.cdc.goc/Documents/CoreCapacity0
82801.pdf. Accessed August 14, 2003.

Caldwell MC. The Local Role in Homeland
Security. Washington, D.C.: US Senate
Committee on Governmental Affairs;
December 11 2001.

Executive Summary: New Jersey
Department of Health and Senior Services
Cooperative Agreement (CA) Application.
Health Resources and Services
Administration (HRSA) Bioterrorism (BT)
Hospital Preparedness Program. Available
at:
www.state.nj/health/er/hrsaexecsumbt.pdf.
Accessed August 22, 2003.

Allan S. The Challenges of Local
Preparedness for Bioterrorism and Other
Emergencies. NACCHO Exchange.
2002;1(1):2-5.

Providing a Framework for Public Health
Bioterrorism Preparedness: Public Health
Workforce, Collaboration, and Infrastructure
Issues. CIDRAP. May 17. Available at:
http://www.cidrap.umn.edu/cidrap/center/mi

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

ssion/papers/btworkforce.html. Accessed
August 22, 2003.

Koplan J. CDC's strategic plan for
bioterrorism preparedness and response.
Public Health Rep. 2001;116(Suppl 2):9-16.

Strategic National Stockpile. Centers for
Disease Control and Prevention. August 11,
2003. Available at:
http://www.bt.cdc.gov/stockpile/index.asp.
Accessed August 27, 2003.

National Pharmaceutical Stockpile. Centers
for Disease Control and Prevention.
Available at:
www.bt.cdc.gov/DocumentsApp/National St
ockpile/national_pharmaceutical_stockpile.p
df. Accessed August 27, 2003.

Surge Capacity: Is it Time to Move Beyond
‘Just-in-Time'? US Medicine Institute for
Health Studies. June 1, 2002. Available at:
www.usminstitute.org/jun02surgeagenda.ht
ml. Accessed August 13, 2003.

Terriff CM, Tee AM. Citywide
pharmaceutical preparation for bioterrorism.
Am J Health Syst Pharm. Feb 1
2001;58(3):233-237.

Benson B, McKinney P. Selecting &
Stocking Antidotes to Biological/Chemical
Agents. Paper presented at: Texas Society of
Hospital Pharamcists Annual Meeting; April
7, 2003.

Reissman DB, Steinberg EB, Magri JM,
Jernigan DB. The Anthrax Epidemiologic
Tool Kit: an Instrument for Public Health
Preparedness. Biosecurity and Bioterrorism.
2003;1(2):1-6.

Thompson J. Public Health Responds to the
Spotlight on Bioterrorism. Northwest Public
Health. 2002(Spring/Summer):6-9.

Thompson TG. Preparing for bioterrorism.
Anesthesiology. Oct 2002;97(4):776-777.

Montello MJ, Ostroff C, Frank EC, Haffer
AS, Rogers JR. 2001 anthrax crisis in
Washington, D.C.: pharmacists' role in
screening patients and selecting prophylaxis.
Am J Health Syst Pharm. Jun 15
2002;59(12):1193-1199.



206.

207.

208.

200.

210.

211.

212,

213.

214,

215.

216.

Shepard CW, Soriano-Gabarro M, Zell ER,
et al. Antimicrobial postexposure
prophylaxis for anthrax: adverse events and
adherence. Emerg Infect Dis. Oct
2002;8(10):1124-1132.

Jernigan DB, Raghunathan PL, Bell BP, et
al. Investigation of bioterrorism-related
anthrax, United States, 2001: epidemiologic
findings. Emerg Infect Dis. Oct
2002;8(10):1019-1028.

Bioterrorism: Summary of Issues and
Recommendations. University of Texas'
Southwestern Medical Foundation. October.
Available at:
www.swmed.edu/home_pages/news/handou
t.htm. Accessed July 5, 2003.

Hsu VP, Lukacs SL, Handzel T, et al.
Opening a bacillus anthracis-containing
envelope, Capitol Hill, Washington, D.C.:
the public health response. Emerg Infect Dis.
Oct 2002;8(10):1039-1043.

First Responders Combat Bio-Terrorism: A
Satellite and Web-Based Broadcast:
National Association of Counties; 2002.

Fraser MR, Fisher VS. Elements of Effective
Bioterrorism Preparedness: A Planning
Primer for Local Public Health Agencies.
Washington, D.C.: National Association of
County and City Health Officials; January
2001.

Camus A. The Plague. New York: Vintage
International; 1948.

Heymann DL. Hot spots in a wired world:
World Health Organization surveillance of
emerging and re-emerging infectious
diseases: Global Outbreak Alert and
Response Network.

There are two sides to biodefence. Nature.
Apr 10 2003;422(6932):545.

Rosett C. The Red Plague: How
communism gave us SARS. Wall Street
Journal. May 14, 2003.

ProMED-mail. Severe acute respiratory

syndrome - worldwide (03): alert. ProMED-
mail. March 16, 2003. Available at:

123

217.

218.

219.

220.

221,

222,

223.

224,

225.

226.

227.

http://www.promedmail.org. Accessed May
12, 2003.

Fine A, Layton M. Lessons from the West
Nile viral encephalitis outbreak in New
York City, 1999: implications for
bioterrorism preparedness. Clin Infect Dis.
Jan 15 2001;32(2):277-282.

Schoch-Spana M. Implications of pandemic
influenza for bioterrorism response. Clin
Infect Dis. Dec 2000;31(6):1409-1413.

Update 53 - Situation in Singapore and
Hong Kong, interpretation of "areas with
recent local transmission™. World Health
Organization. Available at:
http://www.who.int/csr/sars/archive/2003_0
5 12/en/. Accessed May 12, 2003.

Breiman RF, Evans MR, Preiser W, et al.
Role of China in the Quest to Define and
Control Severe Acute Respiratory

Syndrome. Emerg Infect Dis. Sept 2003.

Enserink M. Infectious diseases. WHO
wants 21st-century reporting regs. Science.
May 2 2003;300(5620):717-718.

Ashraf H. China finally throws full weight
behind efforts to contain SARS. Although
SARS claims more lives everyday
worldwide, all eyes are on China as it tries
to contain the largest outbreak. Lancet.
2003;361(9367):1439.

Parry J. Containment of SARS depends on
how it is handled in China. BMJ. May 10
2003;326(7397):1004.

Update 95 - SARS: Chronology of a serial
killer. World Health Organization.
Available at:
http://www.who.int/csr/don/2003_07_04/en.
Accessed August 11, 2003.

Parry J. WHO praises China's control
measures for SARS. BMJ. Jun 21
2003;326(7403):1350.

ProMED-mail. SARS - WORLDWIDE
(136): CASES. ProMED-mail. June 5 2003.

Twu SJ, Chen TJ, Chen CJ, et al. Control
measures for severe acute respiratory
syndrome (SARS) in Taiwan. Emerg Infect
Dis. Jun 2003;9(6):718-720.



228.

229.

230.

231.

232.

233.

234,

235.

236.

237.

238.

Crupi RS, Asnis DS, Lee CC, Santucci T,
Marino MJ, Flanz BJ. Meeting the challenge
of bioterrorism: lessons learned from West
Nile virus and anthrax. Am J Emerg Med.
Jan 2003;21(1):77-79.

Chapman LE, Khabbaz RF. Etiology and
epidemiology of the Four Corners
hantavirus outbreak. Infect Agents Dis. Oct
1994;3(5):234-244.

SARS death rate rising. Cable News
Network. Available at:
http://www.cnn.com/2003/HEALTH/05/01/s
ars/index.html. Accessed May 12, 2003.

Stohr K. A multicentre collaboration to
investigate the cause of severe acute
respiratory syndrome. Lancet. May 17
2003;361(9370):1730-1733.

Cyranoski D. Health labs focus on mystery
pneumonia. Nature. Mar 20
2003;422(6929):247.

Enserink M, Vogel G. Infectious diseases.
Deferring competition, global net closes in
on SARS. Science. 2003;300(5617):224-
225.

ProMED-mail. SARS - worldwide (42):
WHO historical overview. ProMED-mail.
April 11, 2003. Available at:
http://www.promedmail.org. Accessed May
12, 2003.

Roueche B. A Man From Mexico. Eleven
Blue Men: and Other Narratives of of
Medical Detection. Boston, MA: Little,
Brown; 1953.

White DJ. Vector surveillance for West Nile
virus. Ann N Y Acad Sci. Dec 2001;951:74-
83.

HHS Teleconference on Smallpox Policy.
Atlanta, GA: Centers for Disease Control
and Prevention; December 14 2002.

Hospitals in China battle SARS burden.
Cable News Network. Available at:
http://www.cnn.com/2003/HEALTH/05/05/s
ars/index.html. Accessed May 12, 2003.

124

239.

240.

241.

242.

243.

244,

245.

246.

247,

248.

249.

250.

251.

252.

Altman LK. Behind the Mask, The Fear of
SARS. New York Times. June 24, 2003;D: 1,
6.

ProMED-mail. SARS - WORLDW!IDE
(04): ETIOLOGY. ProMED-mail. March 25
2003.

Drazen JM, Campion EW. SARS, the
Internet, and the Journal. N Engl J Med.
May 15 2003;348(20):2029.

O'Hara JA, 3rd. West Nile virus: success of
public health response underlines failure of
the system. J Urban Health. Jun
2001;78(2):392-395.

ProMED-mail. SARS - worldwide (90):
background. ProMED-mail. May 3, 2003.
Available at: http://www.promedmail.org.
Accessed May 12, 2003.

Severe acute respiratory syndrome (SARS):
Status of the outbreak and lessons for the
immediate future. Geneva: World Health
Organization; May 20 2003.

Lee N, Hui D, Wu A, et al. A major
outbreak of severe acute respiratory
syndrome in Hong Kong. N Engl J Med.
May 15 2003;348(20):1986-1994.

Charatan F. Explosion of internet
advertisements for protection against SARS.
BMJ. 2003;326(7395):900.

Solid response to SARS-almost. Nat Med.
2003;9(5):479.

Parry J. SARS shows no sign of coming
under control. BMJ. Apr 19
2003;326(7394):839.

Tsang KW, Ho PL, Ooi GC, et al. A cluster
of cases of severe acute respiratory
syndrome in Hong Kong. N Engl J Med.
May 15 2003;348(20):1977-1985.

Poutanen SM, Low DE, Henry B, et al.
Identification of severe acute respiratory
syndrome in Canada. N Engl J Med. May 15
2003;348(20):1995-2005.

Vogel G. SARS outbreak. Modelers struggle
to grasp epidemic's potential scope. Science.
Apr 25 2003;300(5619):558-559.

Tsui PT, Kwok ML, Yuen H, Lai ST. Severe
Acute Respiratory Syndrome: Clinical



253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

Outcomes and Prognostic Correlates. Emerg
Infect Dis. Sept 2003.

Drazen JM. SARS--looking back over the
first 100 days. N Engl J Med. Jul 24
2003;349(4):319-320.

Chotani RA, LaPorte RE, Linkov F, Dodani
S, Ahmed D, Ibrahim KM. Just-in-time
lectures: SARS. Lancet. Jun 7
2003;361(9373):1996.

State and Local Health Official Epidemic
SARS Checklist: Association of State and
Territorial Health Officials; June 3 2003.

Dwosh HA, Hong HH, Austgarden D,
Herman S, Schabas R. Identification and
containment of an outbreak of SARS ina
community hospital. CMAJ. May 27
2003;168(11):1415-1420.

Chan-Yeung M. Severe acute respiratory
syndrome: a lesson in infectious disease. Int
J Tuberc Lung Dis. May 2003;7(5):407-408.

Health official: SARS teaching world about
outbreaks. Cable News Network. Available
at:
http://www.cnn.com/2003/HEALTH/05/01/s
ars.conference/index.html. Accessed May
12, 2003.

Bray M. Living in the midst of a killer virus.
Cable News Network. Available at:
http://www.cnn.com/2003/HEALTH/03/28/
hk.virus/index.html. Accessed May 12,
2003.

SARS infecting economies. Cable News
Network. Accessed May 12, 2003.

Mass SARS quarantine in Beijing. Cable
News Network. Available at:
http://www.cnn.com/2003/WORLD/asiapcf/
east/04/25/sars/index.html. Accessed May
12, 2003.

WHO sends virus team to S. China. Cable
News Network. Available at:
http://www.cnn.com/2003/HEALTH/04/02/s
ars/index.html. Accessed May 12, 2003.

WHO reaches virus epicenter. Cable News
Network. Available at:
http://www.cnn.com/2003/HEALTH/04/03/s
ars/index.html. Accessed May 12, 2003.

125

264.

265.

266.

267.

268.

269.

270.

271.

272,

273.

274.

Mystery illness on the move. Cable News
Network. Available at:
http://www.cnn.com/2003/HEALTH/03/17/
mystery.disease/index.html. Accessed May
12, 2003.

How Vietnam beat the bug. Cable News
Network. Available at:
http://www.cnn.com/2003/WORLD/asiapcf/
east/04/28/sars.vietnam/index.html.
Accessed May 12, 2003.

WHO targets SARS 'super spreaders'. Cable
News Network. Available at:
http://www.cnn.com/2003/HEALTH/04/06/s
ars/index.html. Accessed May 12, 2003.

Health Agency: SARS pandemic can be
avoided. Cable News Network. Available at:
http://www.cnn.com/2003/HEALTH/04/27/s
ars.pandemic/index.html. Accessed May 12,
2003.

Asia adopts SARS war plan. Cable News
Network. Available at:
http://www.cnn.com/2003/WORLD/asiapcf/
east/04/29/sars.wrap/index.html. Accessed
May 12, 2003.

Timeline: SARS outbreak. Cable News
Network. Available at:
http://www.cnn.com/2003/HEALTH/04/24/t
imeline.sars/index.html. Accessed May 12,
2003.

SARS relapses stump doctors. Cable News
Network. Available at:
http://www.cnn.com/2003/HEALTH/05/03/s
ars.mutate/index.html. Accessed May 12,
2003.

WHO confirms SARS more deadly. Cable
News Network. Available at:
http://www.cnn.com/2003/HEALTH/05/09/s
ars/index.html. Accessed May 12, 2003.

CDC chief: Vigilance needed to contain
SARS. Cable News Network. Available at:
http://www.cnn.com/2003/HEALTH/05/05/
cnna.gerberding/index.html. Accessed May
12, 2003.

ProMED-mail. SARS - WORLDWIDE
(137): CASES. ProMED-mail. June 6 2003.

ProMED-mail. SARS - worldwide (41):
overview. ProMED-mail. April 11, 2003.



275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

Available at: http://www.promedmail.org.
Accessed May 12, 2003.

ProMED-mail. SARS - worldwide (28):
overview. ProMED-mail. April 3, 2003.
Available at: http://www.promedmail.org.
Accessed May 12, 2003.

ProMED-mail. SARS - worldwide (14):
overview. ProMED-mail. March 27, 2003.
Available at: http://www.promedmail.org.
Accessed May 12, 2003.

ProMED-mail. SARS - worldwide (10):
infectious disease perspectives. ProMED-
mail. March 26, 2003. Available at:
http://www.promedmail.org. Accessed May
12, 2003.

ProMED-mail. Severe acute respiratory
syndrome - worldwide (02): alert. ProMED-
mail. March 15, 2003. Available at:
http://www.promedmail.org. Accessed May
12, 2003.

ProMED-mail. SARS - worldwide (06):
WHO press briefing. ProMED-mail. March
25, 2003. Available at:
http://www.promedmail.org. Accessed May
12, 2003.

Koch MG. Epidemiological considerations
about 3 months with SARS. ProMED-mail.
2003.

Key Developments Concerning SARS. New
York Times. May 12, 2003.

Shenon P. U.S. Approves Force in Detaining
Possible SARS Carriers. New York Times.
May 7, 2003.

Arnold W. Military Hardware is Adapted to
Fight SARS. New York Times. May 12,
2003.

Emanuel EJ. Preventing the Next SARS.
New York Times. May 12, 2003.

4 Major Shanghai Hotels Close Over SARS.
New York Times. May 12, 2003.

Altman LK. Lessons of AIDS, Applied to
SARS. New York Times. May 6, 2003.

126

287.

288.

289.

290.

291.

292,

293.

294.

295,

296.

297.

298.

299.

300.

301.

302.

Eckholm E. The SARS Epidemic: Epidemic;
China Admits Underreporting Its SARS
Cases. New York Times. April 21, 2003.
Altman LK. W.H.O. Urges More Detailed
SARS Reports. New York Times. May 3,
2003.

Broder JM. Agressive Steps Help U.S.
Avoid SARS Brunt. New York Times. May
5, 2003.

China SARS Cases Stabilize, WHO Urges
Caution. New York Times. May 12, 2003.

SARS Cases in China Pass 5,000. New York
Times. May 12, 2003.

Krauss C. W.H.O. Restores Toronoto to
SARS List After Surge in Cases. New York
Times. May 26, 2003.

SARS Shuts Toronto School, 6,400 in
Quarantine. New York TImes. May 28, 2003.

Bradsher K, Campbell C. New Travel Alert
is Issued for Toronto. New York Times. May
24, 2003.

Toronto Braces for SARS Outbreak as
Taiwan Reports 12 More Deaths. Wall
Street Journal. May 25, 2003.

Heinzl M. Toronto Appoints 4 Hospitals to
Handle SARS Patients. Wall Street Journal.
May 28, 2003.

Cherney E. Toronto's 2nd SARS Outbreak
Triggers a Mass Quarantine. Wall Street
Journal. May 27, 2003.

Chang L, Pottinger M. Health Body Says
Chinese Data on SARS 'Reflect Huge
Efforts'. Wall Street Journal. June 12, 2003.

Canada Fears New Outbreak With 4
Suspected SARS Cases. Wall Street Journal.
May 22, 2003.

Possible New Cases of SARS Virus May
Put Canada Back on WHO List. Wall Street
Journal. May 23, 2003.

Playing Politics with SARS. Wall Street
Journal. May 28, 2003.

Update 83 - One hundred days into the
outbreak. World Health Organization.
Available at:



303.

304.

305.

306.

307.

308.

309.

310.

311.

http://www.who.int/csr/don/2003_06_18/en.
Accessed August 11, 2003.

The operational response to SARS. World
Health Organization. Available at:
http://www.who.int/csr/sars/goarn2003_4 1
6/en/. Accessed May 12, 2003.

Epidemic curves - Severe Acute Respiratory
Syndrome (SARS). World Health
Organization. Available at:
http://www.who.int/csr/sars/epicurve/epiind
ex/en/. Accessed May 12, 2003.

Gensheimer KF, Fukuda K, Brammer L,
Cox N, Patriarca PA, Strikes RA. Preparing
for pandemic influenza: the need for
enhanced surveillance. Vaccine. May 15
2002;20(Suppl 2):S63-65.

Update 89 - What happens if SARS returns?
World Health Organization. June 26, 2003.
Available at:
http://www.who.int/csr/don/2003_06_26/en/
print.html. Accessed September 10, 2003.

Mac Kenzie WR, Hoxie NJ, Proctor ME, et
al. A massive outbreak in Milwaukee of
cryptosporidium infection transmitted
through the public water supply. N Engl J
Med. 1994;331(3):161-167.

MacKenzie WR, Schell WL, Blair KA, et al.
Massive outbreak of waterborne
cryptosporidium infection in Milwaukee,
Wisconsin: recurrence of illness and risk of
secondary transmission. Clin Infect Dis.
1995;21(1):57-62.

Puech MC, McAnulty JM, Lesjak M, Shaw
N, Heron L, Watson JM. A statewide
outbreak of cryptosporidiosis in New South
Wales associated with swimming at public
pools. Epidemiol Infect. 2001;126(3):389-
396.

Brookhart MA, Hubbard AE, van der Laan
MJ, Colford JM, Jr., Eisenberg JN.
Statistical estimation of parameters in a
disease transmission model: analysis of a
Cryptosporidium outbreak. Stat Med. Dec
15 2002;21(23):3627-3638.

Dietz V, Vugia D, Nelson R, et al. Active,
multisite, laboratory-based surveillance for

127

312.

313.

314.

315.

316.

317.

318.

319.

320.

321

Cryptosporidium parvum. Am J Trop Med
Hyg. Mar 2000;62(3):368-372.

Griffin RJ, Dunwoody S, Zabala F. Public
reliance on risk communication channels in
the wake of a cryptosporidium outbreak.
Risk Anal. Aug 1998;18(4):367-375.
Cicirello HG, Kehl KS, Addiss DG, et al.
Cryptosporidiosis in children during a
massive waterborne outbreak in Milwaukee,
Wisconsin: clinical, laboratory and
epidemiologic findings. Epidemiol Infect.
Aug 1997;119(1):53-60.

Quiroz ES, Bern C, MacArthur JR, et al. An
outbreak of cryptosporidiosis linked to a
foodhandler. J Infect Dis. Feb
2000;181(2):695-700.

Sharp SE, Suarez CA, Duran Y, Poppiti RJ.
Evaluation of the Triage Micro Parasite
Panel for detection of Giardia lamblia,
Entamoeba histolytica/Entamoeba dispar,
and Cryptosporidium parvum in patient
stool specimens. J Clin Microbiol. Jan
2001;39(1):332-334.

McDonald AC, Mac Kenzie WR, Addiss
DG, et al. Cryptosporidium parvum-specific
antibody responses among children residing
in Milwaukee during the 1993 waterborne
outbreak. J Infect Dis. May 1
2001;183(9):1373-1379.

Gostin LO, Lazzarini Z, Neslund VS,
Osterholm MT. Water quality laws and
waterborne diseases: Cryptosporidium and
other emerging pathogens. Am J Public
Health. Jun 2000;90(6):847-853.

Altman LK. Uncommon Parasite Tied to Ills
in Milwaukee. New York Times. April 9,
1993;A: 15.

Guerrant RL. Cryptosporidiosis: an
emerging, highly infectious threat. Emerg
Infect Dis. Jan-Mar 1997;3(1):51-57.

Brillman JC, Sklar DP, Davis KD, Beamsely
A. Hantavirus: emergency department
response to a disaster from an emerging
pathogen. Ann Emerg Med. Sep
1994,24(3):429-436.

Butler JC, Peters CJ. Lessons learned from
the hantaviruses and other hemorrhagic



322,

323.

324,

325.

326.

327.

328.

329.

330.

331.

332.

333.

fever viruses. Am J Med Sci. Jan
1996;311(1):55-59.

Berkelman RL. Emerging infectious
diseases in the United States, 1993. J Infect
Dis. Aug 1994;170(2):272-277.

Foucar K, Nolte KB, Feddersen RM, et al.
Outbreak of Hantavirus pulmonary
syndrome in the southwestern United States.
Response of pathologists and other
laboratorians. Am J Clin Pathol. Apr
1994;101(4 Suppl 1):S1-5.

Sands L, Kioski C, Komatsu K. Hantavirus
in the southwestern United States:
epidemiology of an emerging pathogen. J
Am Osteopath Assoc. Dec
1993;93(12):1279-1285.

Morrison Y'Y, Rathbun RC. Hantavirus
pulmonary syndrome: the Four Corners
disease. Ann Pharmacother. Jan
1995;29(1):57-65.

Allen TJ. Vt. Man Diagnosed with Virus
Spread by Mice. Boston Globe. April 21,
2000;B: 7.

Slama TG, Zon R. Fatal hantavirus
pulmonary syndrome in Indiana. N Engl J
Med. Apr 7 1994;330(14):1010.

Hughes JM, Peters CJ, Cohen ML, Mahy
BW. Hantavirus pulmonary syndrome: an
emerging infectious disease. Science. Nov 5
1993;262(5135):850-851.

Horgan J. The no-name virus. Questions
linger after the four corners outbreak. Sci
Am. Dec 1994;271(6):34-36.

Horgan J. Were four corners victims biowar
casualties? Sci Am. Nov 1993;269(5):16.

Noji EK, Miller GL. Emergency department
response to a disaster from an emerging
pathogen. Ann Emerg Med. Sep
1994;24(3):512-514.

Myers F. Hunting down hantavirus. Nursing.

May 2002;32(5):56-57.

Steier KJ, Clay R. Hantavirus pulmonary
syndrome (HPS): report of first case in

128

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344,

Louisiana. J Am Osteopath Assoc. Dec
1993;93(12):1286-1289.

From the Centers for Disease Control and
Prevention. Update: hantavirus disease--
southwestern United States, 1993. JAMA.
Aug 25 1993;270(8):934.

Wenzel RP. A new hantavirus infection in
North America. N Engl J Med. Apr 7
1994;330(14):1004-1005.

Duchin JS, Koster FT, Peters CJ, et al.
Hantavirus pulmonary syndrome: a clinical
description of 17 patients with a newly
recognized disease. The Hantavirus Study
Group. N Engl J Med. Apr 7
1994;330(14):949-955.

Morse SS. Hantaviruses and the hantavirus
outbreak in the United States. A case study
in disease emergence. Ann N Y Acad Sci.
Dec 15 1994,740:199-207.

Simonsen L, Dalton MJ, Breiman RF, et al.
Evaluation of the magnitude of the 1993
hantavirus outbreak in the southwestern
United States. J Infect Dis. Sep
1995;172(3):729-733.

Wells RM, Young J, Williams RJ, et al.
Hantavirus transmission in the United
States. Emerg Infect Dis. Jul-Sep
1997;3(3):361-365.

Calisher CH. West Nile virus in the New
World: appearance, persistence, and
adaptation to a new econiche--an
opportunity taken. Viral Immunol.
2000;13(4):411-414.

Bignall J. Hantaviruses: the rodents take
revenge. Lancet. Jun 17
1995;345(8964):1564.

Bonn D. Hantaviruses: an emerging threat to
human health? Lancet. Sep 12
1998;352(9131):886.

From the Centers for Disease Control and
Prevention. Infectious diseases update:
outbreak, hantavirus infection--southwestern
United States, 1993. JAMA. Jul 7
1993;270(1):25.

From the Centers for Disease Control and
Prevention. Update: hantavirus infection--



345.

346.

347.

348.

349.

350.

351.

352,

353.

354,

United States, 1993. JAMA. Jul 28
1993;270(4):429, 432.

Bremner JA. Hantavirus infections and
outbreaks in 1993. Commun Dis Rep CDR
Rev. Jan 7 1994;4(1):R5-9.

Levy H, Simpson SQ. Hantavirus
pulmonary syndrome. Am J Respir Crit
Care Med. Jun 1994;149(6):1710-1713.

Schreiner GE. Hanta is coming. Artif
Organs. May 1996;20(5):451-454.

Siegel B. Meningitis outbreak: Mother
Nature sends a scary message. Med Econ.
Aug 21 1995;72(16):173-174, 177-180, 185-
176 passim.

Osterholm MT. How to vaccinate 30,000
people in three days: realities of outbreak
management. Public Health Rep.
2001;116(Suppl 2):74-78.

Aguilera JF, Perrocheau A, Meffre C, Hahne
S. Outbreak of serogroup W135
meningococcal disease after the Hajj
pilgrimage, Europe, 2000. Emerg Infect Dis.
Aug 2002;8(8):761-767.

Krause G, Blackmore C, Wiersma S,
Lesneski C, Gauch L, Hopkins RS. Mass
vaccination campaign following community
outbreak of meningococcal disease. Emerg
Infect Dis. Dec 2002;8(12):1398-1403.

De Wals P, De Serres G, Niyonsenga T.
Effectiveness of a mass immunization
campaign against serogroup C
meningococcal disease in Quebec. JAMA.
Jan 10 2001;285(2):177-181.

Prevention and control of meningococcal
disease. Recommendations of the Advisory
Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. Jun 30
2000;49(RR-7):1-10.

Meningococcal disease prevention and
control strategies for practice-based
physicians (Addendum: recommendations
for college students). Committee on
Infectious Diseases. Pediatrics. Dec
2000;106(6):1500-1504.

129

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

Diaz PS. The epidemiology and control of
invasive meningococcal disease. Pediatr
Infect Dis J. Jul 1999;18(7):633-634.
Makras P, Alexiou-Daniel S, Antoniadis A,
Hatzigeorgiou D. Outbreak of
meningococcal disease after an influenza B
epidemic at a Hellenic Air Force recruit
training center. Clin Infect Dis. Sep 15
2001;33(6):e48-50.

Vogel G. Bacterial meningitis. Appeal to
thwart deadly outbreak. Science. Oct 11
2002;298(5592):339.

Baltimore RS, Jenson HB. Meningococcal
vaccine: new recommendations for
immunization of college freshmen. Curr
Opin Pediatr. Feb 2001;13(1):47-50.

Shehab S, Keller N, Barkay A, Leitner L,
Leventhal A, Block C. Failure of mass
antibiotic prophylaxis to control a prolonged
outbreak of meningococcal disease in an
Israeli village. Eur J Clin Microbiol Infect
Dis. Nov 1998;17(11):749-753.

Rosenstein N, Levine O, Taylor JP, et al.
Efficacy of meningococcal vaccine and
barriers to vaccination. JAMA. Feb 11
1998;279(6):435-439.

Hume SE. Mass voluntary immunization
campaigns for meningococcal disease in
Canada: media hysteria. JAMA. Apr 1
1992;267(13):1833-1834, 1837-1838.

Outbreak of aseptic meningitis--Whiteside
County, Illinois, 1995. MMWR Morb Mortal
WKkly Rep. Mar 14 1997;46(10):221-224.

Weinstein I. An Outbreak of Smallpox in
New York City. American Journal of Public
Health. November 1947.

Albert MR, Ostheimer KG, Breman JG. The
last smallpox epidemic in Boston and the
vaccination controversy, 1901-1903. N Engl
J Med. Feb 1 2001;344(5):375-379.

Albert MR, Ostheimer KG, Liewehr DJ,
Steinberg SM, Breman JG. Smallpox
manifestations and survival during the
Boston epidemic of 1901 to 1903. Ann
Intern Med. Dec 17 2002;137(12):993-1000.



366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

Cherry B, Trock SC, Glaser A, et al.
Sentinel chickens as a surveillance tool for
West Nile virus in New York City, 2000.
Ann N Y Acad Sci. Dec 2001;951:343-346.

Klein C, Kimiagar I, Pollak L, et al.
Neurological features of West Nile Virus
infection during the 2000 outbreak in a
regional hospital in Israel. J Neurol Sci.
2002;200(1-2):63-66.

Asnis DS, Conetta R, Teixeira AA,
Waldman G, Sampson BA. The West Nile
Virus outbreak of 1999 in New York: the
Flushing Hospital experience. Clin Infect
Dis. Mar 2000;30(3):413-418.

Covello VT, Peters RG, Wojtecki JG, Hyde
RC. Risk communication, the West Nile
virus epidemic, and bioterrorism:
responding to the communication challenges
posed by the intentional or unintentional
release of a pathogen in an urban setting. J
Urban Health. Jun 2001;78(2):382-391.

Nedry M, Mahon CR. West Nile virus: an
emerging virus in North America. Clin Lab
Sci. Winter 2003;16(1):43-49.

Campbell GL, Marfin AA, Lanciotti RS,
Gubler DJ. West Nile virus. Lancet Infect
Dis. Sep 2002;2(9):519-529.

Marfin AA, Gubler DJ. West Nile
encephalitis: an emerging disease in the
United States. Clin Infect Dis. Nov 15
2001;33(10):1713-1719.

Petersen LR, Roehrig JT. West Nile virus: a
reemerging global pathogen. Emerg Infect
Dis. Jul-Aug 2001;7(4):611-614.

Tyler KL. West Nile virus encephalitis in
America. N Engl J Med. Jun 14
2001;344(24):1858-1859.

Nash D, Mostashari F, Fine A, et al. The
outbreak of West Nile virus infection in the
New York City area in 1999. N Engl J Med.
Jun 14 2001;344(24):1807-1814.

Shieh WJ, Guarner J, Layton M, et al. The
role of pathology in an investigation of an
outbreak of West Nile encephalitis in New
York, 1999. Emerg Infect Dis. Jul-Aug
2000;6(4):370-372.

130

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

Enserink M. Groups race to sequence and
identify New York virus. Science. Oct 8
1999;286(5438):206-207.

Outbreak of West Nile-like viral
encephalitis--New York, 1999. MMWR
Morb Mortal Wkly Rep. Oct 1
1999;48(38):845-849.

Update: Surveillance for West Nile virus in
overwintering mosquitoes--New York,
2000. MMWR Morb Mortal Wkly Rep. Mar
10 2000;49(9):178-179.

Komar N. West Nile virus surveillance
using sentinel birds. Ann N 'Y Acad Sci. Dec
2001;951:58-73.

Kauffman EB, Bernard KA, Jones SA,
Maffei J, Ngo K, Kramer LD. West Nile
virus laboratory surveillance program: cost
and time analysis. Ann N 'Y Acad Sci. Dec
2001;951:351-353.

Cannon CE, Pavlin JA, Vaeth MF, et al.
Department of Defense West Nile virus
surveillance. Ann N 'Y Acad Sci. Dec
2001;951:340-342.

Nolen RS. Multistate surveillance system in
place for West Nile virus. J Am Vet Med
Assoc. Jan 1 2000;216(1):11.

Mostashari F, Bunning ML, Kitsutani PT, et
al. Epidemic West Nile encephalitis, New
York, 1999: results of a household- based
seroepidemiological survey. Lancet.
2001;358(9278):261-264.

Ford-Jones EL, Fearon M, Leber C, et al.
Human surveillance for West Nile virus
infection in Ontario in 2000. CMAJ. Jan 8
2002;166(1):29-35.

Gotham 1J, Eidson M, White DJ, et al. West
Nile virus: a case study in how NY State
Health Information infrastructure facilitates
preparation and response to disease
outbreaks. J Public Health Manag Pract.
Sep 2001;7(5):75-86.

Flahault A, Dias-Ferrao V, Chaberty P,
Esteves K, Valleron AJ, Lavanchy D.
FluNet as a tool for global monitoring of
influenza on the Web. JAMA. Oct 21
1998;280(15):1330-1332.



388.

389.

390.

391.

392.

393.

394,

395.

396.

397.

398.

Kitler ME, Gavinio P, Lavanchy D.
Influenza and the work of the World Health
Organization. Vaccine. May 15
2002;20(Suppl 2):S5-14.

Preventing Emerging Infectious Diseases: A
Strategy for the 21st Century. Overview of
the Updated CDC plan. MMWR Recomm
Rep. Sep 11 1998;47(RR-15):1-14.

Schoch-Spana M. "Hospital's full-up": the
1918 influenza pandemic. Public Health
Rep. 2001;116(Suppl 2):32-33.

Chan PK. Outbreak of avian influenza
A(H5NZ1) virus infection in Hong Kong in
1997. Clin Infect Dis. 2002;34 Suppl 2:5S58-
64.

Besselaar TG, Schoub BD, Blackburn NK.
Impact of the introduction of A/Sydney/5/97
H3N2 influenza virus into South Africa. J
Med Virol. Dec 1999;59(4):561-568.

Nichol KL, Lind A, Margolis KL, et al. The
effectiveness of vaccination against
influenza in healthy, working adults. N Engl
J Med. Oct 5 1995;333(14):889-893.

LeDuc JW. WHO program on emerging
virus diseases. Arch Virol Suppl.
1996;11:13-20.

Goddard NL, Joseph CA, Zambon M, Nunn
M, Fleming D, Watson JM. Influenza
surveillance in England and Wales: October
1999 to May 2000. Commun Dis Public
Health. Dec 2000;3(4):261-266.

Schoub BD, Johnson S, McAnerney J,
Blackburn NK. Benefits and limitations of
the Witwatersrand influenza and acute
respiratory infections surveillance
programme. S Afr Med J. Oct
1994;84(10):674-678.

Takahashi H, Fujii H, Shindo N, Taniguchi
K. Evaluation of the Japanese school health
surveillance system for influenza. Jpn J
Infect Dis. Feb 2001;54(1):27-30.

Olson JG. School absenteeism during an
outbreak of B/Hong Kong/5/72-like
influenze virus in Taipei, Taiwan. Southeast
Asian J Trop Med Public Health. Dec
1980;11(4):429-434.

131

399.

400.

401.

402.

403.

404,

405.

406.

407.

408.

Riddiough MA, Sisk JE, Bell JC. Influenza
vaccination. JAMA. Jun 17
1983;249(23):3189-3195.

Saxen H, Virtanen M. Randomized,
placebo-controlled double blind study on the
efficacy of influenza immunization on
absenteeism of health care workers. Pediatr
Infect Dis J. Sep 1999;18(9):779-783.

Kelly H, Murphy A, Leong W, et al.
Laboratory-supported influenza surveillance
in Victorian sentinel general practices.
Commun Dis Intell. Dec 2000;24(12):379-
383.

Nettleman MD, White T, Lavoie S, Chafin
C. School absenteeism, parental work loss,
and acceptance of childhood influenza
vaccination. Am J Med Sci. Mar
2001;321(3):178-180.

Carrat F, Flahault A, Boussard E, Farran N,
Dangoumau L, Valleron AJ. Surveillance of
influenza-like illness in France. The
example of the 1995/1996 epidemic. J
Epidemiol Community Health. Apr
1998;52(Suppl 1):32S-38S.

Rocchi G, De Felici A, Ragona G, Pelosio
A, Muzzi A. Influenza activity in
metropolitan Rome, Italy, during the cold-
weather months of 1976-1977. Dev Biol
Stand. Jun 1-3 1977;39:425-428.

Patriarca PA, Arden NH, Koplan JP,
Goodman RA. Prevention and control of
type A influenza infections in nursing
homes. Benefits and costs of four
approaches using vaccination and
amantadine. Ann Intern Med. Nov
1987;107(5):732-740.

Owens SR. Being prepared. Preparations for
a pandemic of influenza. EMBO Rep. Dec
2001;2(12):1061-1063.

Noymer A, Garenne M. The 1918 Influenza
Epidemic's Effect on Sex Differentials in
Mortality in the United States. Population
and Development Review. September
2000;26(3).

Gorman S. Smallpox Vaccine Logistics:
Distribution, Storage, and Security. Atlanta,
GA: Centers for Disease Control and
Prevention; December 2002.



409.

410.

411.

412.

413.

414,

415.

416.

417.

418.

Meltzer MI, Mason J, Washington ML,
Freye R. Maxi-Vac 1.0: A manual to aid
state and local-level public health officials
plan, prepare and practice for large scale
smallpox vaccination (Beta test version).
Atlanta, GA: Centers for Disease Control
and Prevention, U.S. Department of Health
and Human Services; December 3 2002.

Review of the Centers for Disease Control
and Prevention's Smallpox Vaccination
Progam Implementation; Letter Report #1.
Washington, D.C.: Committee on Smallpox
Vaccination Program Implementation,
Institute of Medicine; 2003.

Smallpox Vaccination: Vaccination Method
and Reactions. Atlanta, GA: Centers for
Disease Control and Prevention; February
2003.

Wharton M, Strikas RA, Harpaz R, et al.
Recommendations for using smallpox
vaccine in a pre-event vaccination program.
Supplemental recommendations of the
Advisory Committee on Immunization
Practices (ACIP) and the Healthcare
Infection Control Practices Advisory
Committee (HICPAC). MMWR Recomm
Rep. Apr 4 2003;52(RR-7):1-16.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (09). ProMED-mail.
March 29 2003.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (10). ProMED-mail.
April 3 2003.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (08). ProMED-mail.
March 27 2003.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (07). ProMED-mail.
March 16 2003.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (03). ProMED-mail.
March 6 2003.

ProMED-mail. Smallpox Vaccination,

Adverse Events - USA. ProMED-mail.
March 1 2003.

132

419.

420.

421.

422.

423.

424,

425.

426.

427.

428.

429.

430.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (02). ProMED-mail.
March 1 2003.

ProMED-mail. Smallpox Vaccination,
Adverse Events - USA (05). ProMED-mail.
March 10 2003.

Vaccine Information Statement, Smallpox
Vaccine: What You Need to Know. Atlanta,
GA: Centers for Disease Control and
Prevention; January 16 2003.

Evaluating Patients for Smallpox. Atlanta,
GA: Centers for Disease and Prevention.

New York City Department of Health and
Mental Hygiene Will Begin Voluntary
Smallpox Vaccination Program in January
2003 to Establish Strategic Reserve of
Health and Public Health Response Teams.
New York City, NY: New York City
Department of Health and Mental Hygiene;
December 13 2002.

Public Willingness to Be Vaccinated Against
Smallpox Depends on Whether or
Physicians Choose to Get Vaccinated and
Whether Deaths Result from Early Waves of
Vaccination. Cambridge, MA: Harvard
School of Public Health; December 19 2002.

Smallpox: Public Health Department, Santa
Clara Valley Health and Hospital System.

CDC Initial Review of State Smallpox
Vaccination Plans Complete. Atlanta, GA:
Centers for Disease Control and Prevention;
December 12 2002.

CDC Smallpox Vaccination Update. Atlanta,
GA: Centers for Disease Control and
Prevention; January 17 2003.

Gerberding J. CDC Efforts in Implementing
a Smallpox Vaccination Program:
Committee on Health, Education, Labor and
Pensions; January 30 2003.

Smallpox Vaccine Adverse Events Among
Civilians - United States, January 24-
February 18, 2003. MMWR. February 21
2003.

Maldonado YA. Current controversies in
vaccination: vaccine safety. JAMA. Dec 25
2002;288(24):3155-3158.



431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441.

442.

443.

Cohen J. Bioterrorism. Smallpox
vaccinations: how much protection remains?
Science. Nov 2 2001;294(5544):985.

Rosenthal SR, Merchlinsky M, Kleppinger
C, Goldenthal KL. Developing new
smallpox vaccines. Emerg Infect Dis. Nov-
Dec 2001;7(6):920-926.

Schraeder TL, Campion EW. Smallpox
vaccination--the call to arms. N Engl J Med.
Jan 30 2003;348(5):381-382.

Ashraf H. China finally throws full weight
behind efforts to contain SARS. Lancet. Apr
26 2003;361(9367):1439.

Mostashari F, Hartman J. Syndromic
Surveillance: a Local Perspective. J Urban
Health. June 1 2003;80(Suppl 1):i1-i7.

Kearney PA, Terry L, Burney RE. Outcome
of patients with blunt trauma transferred
after diagnostic or treatment procedures or
four-hour delay. Ann Emerg Med. Aug
1991;20(8):882-886.

Calisher CH, Root JJ, Mills JN, Beaty BJ.
Assessment of ecologic and biologic factors
leading to hantavirus pulmonary syndrome,
Colorado, U.S.A. Croat Med J. Jun
2002;43(3):330-337.

California Disaster and Civil Defense
Master Mutual Aid Agreement: State of
California; November 15 1950.

Norris FH. Disasters in urban context. J
Urban Health. Sep 2002;79(3):308-314.

Executive Summary: Capability Assessment
for Readiness.

Noji EK. Disaster epidemiology and disease
monitoring. J Med Syst. Apr
1995;19(2):171-174.

Noji EK. Disaster epidemiology: challenges
for public health action. Ann Ig. Jan-Feb
2002;14(1 Suppl 1):97-102.

Santa Clara County Local Fire Service and
Rescue Mutual Aid Plan. Santa Clara
County Fire Department. Accessed August
7, 2002.

133

444,

445,

446.

447,

448.

449.

450.

451.

452,

453.

454,

455,

456.

Emergency Managers Mutual Aid Plan:
Office of Emergency Services; November
1997.

Emergency Management Assistance
Compact: National Emergency Management
Association; 2003.

Emergency Management Assistance
Compact. 57th Legislature, 2001 Regular
Session ed; 2001.

Bullock J. The Emergency Management
Assistance Compact: Creating a Network of
Management in Times of Emergency. 2000.

Freedberg SJ. No Disaster This Compact
Can't Handle. National Journal. April 6,
2002: 1002.

Dieffenbach RJ. Help is just a state away.
State Government News, 1998: 28-31.

Davis G, Jones D. Mutual Aid Specialist
Committee: Findings and
Recommendations: Governor's Office of
Emergency Services; November 30 1998.

Rivera R. A Plan for Mutual Aid: El Paso,
Texas and Juarez, Chihuahaua. El Paso,
TX: Applied Research Project for the
Executive Fire Officer Program, National
Fire Academy; 1995.

Community Emergency Response Team:
Overview. Emergency Management
Institute, Federal Emergency Management
Agency. Available at:
training.fema.gov/emiweb/CERT/overview.
asp. Accessed September 4, 2003.

Henderson DA. The looming threat of
bioterrorism. Science. Feb 26
1999;283(5406):1279-1282.

Favero GT. Flexibility of the Incident
Command System to Response to Domestic
Terrorism. Monterrey, CA, Naval
Postgraduate School; 1999.

Kaplan EH, Craft DL, Wein LM.
Emergency response to a smallpox attack:
the case for mass vaccination. Proc Natl
Acad Sci U S A. Aug 6 2002;99(16):10935-
10940.

Barton D, Bodiwala GG. Assessment of a
triage label system during a major incident



457.

458.

459,

460.

461.

462.

463.

464.

465.

exercise. Prehospital Disaster Med. Oct-Dec
1991;6(4):473-476.

Liu S, Quenemoen LE, Malilay J, Noji E,
Sinks T, Mendlein J. Assessment of a
severe-weather warning system and disaster
preparedness, Calhoun County, Alabama,
1994. Am J Public Health. Jan
1996;86(1):87-89.

Shenon P. Report Finds Threat Alerts In
Color Code Baffle Public. New York Times.
August 10, 2003.

Homeland Security Presidential Directive 3;
2002.

American Red Cross Homeland Security
Advisory System Recommendations for
Individuals, Families, Neighborhoods,
Schools, and Businesses. American Red
Cross. Available at:
http://www.redcross.org/services/disaster/be
prepared/hsas.html. Accessed January 16,
2003.

Hoene C, Baldassare M, Brennan C. Cities
Taking on Security Responsibilities Amid
Increasing Economic and Fiscal Concerns.
Washington, D.C.: The National League of
Cities; 2002.

Petty L. Survey: Cities Fear Biological,
Chemical Attacks. Cable News Network.
Available at:
http://www.cnn.com/2002/US/09/06/prepare
d.cities.survey/index.html. Accessed January
16, 2003.

Nara Y, Parikh RN. Decision Making and
Resource Management During Emergencies
- A Comparison of US and Japanese
Models. Buffalo, NY: Assocation on
Employment Practices and Principles;
October 15 1999.

Threats and Protection: Advisory System,
Homeland Security Advisory System,
Understanding the Homeland Security
Advisory System. Department of Homeland
Security. Available at:
http://www.dhs.gov/dhspublic/display?them
e=29. Accessed September 9, 2003.

The Emergency Alert System. Federal
Communications Commission. Available at:

134

466.

467.

468.

4609.

470.

471.

472.

473.

474,

475.

http://www.fcc.gov/eb/easfact.html.
Accessed September 10, 2003.

What is EAS? California Office of
Emergency Services. Available at:
http://eas.oes.ca.gov/Pages/whatseas.htm.
Accessed September 10, 2003.

Report and Order and Further Notice of
Proposed Rule Making. Washington, D.C.:
Federal Communications Commission;
December 9 1994,

Booth M. Aviation Disasters: Unique
Disasters Demand Unique Responses.
American Red Cross. Available at:
http://www.redcross.org/news/ds/trans/0301
15Airteam.html. Accessed January 16, 2003.

Chan E. Medecins Sans Frontieres
experience in the provision of health care in
complex settings. Hong Kong Med J. Feb
2003;9(1):67.

Dorozynski A. Medecins Sans Frontieres: 20
years old. BMJ. Dec 21-28
1991;303(6817):1591-1592.

Evans DW. Malaria, malnutrition and MSF.
Medecins Sans Frontieres. Med J Aust. Dec
3-17 2001;175(11-12):575-576.

Hakewill PA. Doctoring beyond frontiers.
Med J Aust. Dec 1-15 1997;167(11-12):618-
621.

Hill O. Medecins Sans Frontieres: mission
impossible? Pract Midwife. Jul-Aug
2002;5(7):40-44.

Ostroff SM. Management of the National
Pharmaceutical Stockpile Program and
Public Health Response to the Threat of
Bioterrorism; Testimony of Stephen Ostroff,
M.D., Associate Director for Epidemiologic
Science, CDC's National Center for
Infectious Diseases, before the Committee
on Government Reform; Subcommittee on
National Security, Veterans Affairs and
International Relations; U.S. House of
Representatives. Washington, D.C.: Centers
for Disease Control and Prevention; 2000.

Malone M, Christen H, Maniscalco PM. The
U.S. Marine Corps: a consequence response
partner. Emerg Med Serv. Aug
2000;29(8):33-34, 38-39.



476.

477.

478.

479.

480.

481.

482.

483.

484,

485.

486.

Chemical Biological Incident Response
Force. Available at:
www.specialoperations.com/USMC/CBIRF,
2003.

World Food Programme. World Food
Programme. Available at; www.wfp.org.
Accessed November 8, 2002.

Martchenke J, Rusteen J, Pointer JE.
Prehospital communications during the
Loma Prieta earthquake. Prehospital
Disaster Med. Oct-Dec 1995;10(4):225-231.

Pointer JE, Michaelis J, Saunders C, et al.
The 1989 Loma Prieta earthquake: impact
on hospital patient care. Ann Emerg Med.
Oct 1992;21(10):1228-1233.

Leonard RB, Stringer LW, Alson R. Patient-
data collection system used during medical
operations after the 1994 San Fernando
Valley-Northridge earthquake. Prehospital
Disaster Med. Jul-Sep 1995;10(3):178-183.

Quinn B, Baker R, Pratt J. Hurricane
Andrew and a pediatric emergency
department. Ann Emerg Med. Apr
1994,23(4):737-741.

Schultz CH, Koenig KL, Noji EK. A
medical disaster response to reduce
immediate mortality after an earthquake. N
Engl J Med. Feb 15 1996;334(7):438-444.

Haynes BE, Freeman C, Rubin JL, Koehler
GA, Enriquez SM, Smiley DR. Medical
response to catastrophic events: California's
planning and the Loma Prieta earthquake.
Ann Emerg Med. Apr 1992;21(4):368-374.

Klitzman S, Freudenberg N. Implications of
the World Trade Center attack for the public
health and health care infrastructures. Am J
Public Health. Mar 2003;93(3):400-406.

Carr SJ, Leahy SM, London S, Sidhu S,
Vogt J. The public health response to Los
Angeles' 1994 earthquake. Am J Public
Health. Apr 1996;86(4):589-590.

Neal DM. The local Red Cross in time of
disaster: characteristics and conditions of
organizational effectiveness during the

Loma Prieta earthquake and central Texas

135

487.

488.

489.

490.

491.

492.

493.

494,

495,

496.

floods. J Volunt Adm. Winter 1992;11(2):6-
16.

Pesola GR, Dujar A, Wilson S. Emergency
preparedness: the World Trade Center and
Singapore airline disasters. Acad Emerg
Med. Mar 2002;9(3):220-222.

Samii R, Van Wassenhove L, Kumar K,
Becerra-Fernandez I. IFRC: Choreographer
of Disaster Management: Preparing for
tomorrow's disasters. Fontainebleau,
France: INSEAD; 2002.

Samii R, Van Wassenhove L, Kumar K,
Becerra-Fernandez I. IFRC: Choreographer
of Disaster Management: The Gujarat
Earthquake. Fontainebleau, France:
INSEAD; 2002.

Ginzburg HM, Jevec RJ, Reutershan T. The
Public Health Service's response to
Hurricane Andrew. Public Health Rep. Mar-
Apr 1993;108(2):241-244.

Jacoby I. Lessons for hospitals from the
Midwest flood of 1993. J Emerg Med. May-
Jun 1996;14(3):379-380.

Bennett PV, Freeman RE. The Exxon Valdez
Oil Spill. Charlottesville, VA: Darden
Graduate School of Business
Administration, University of Virginia;
1996.

Vanholder R, Sever MS, De Smet M, Erek
E, Lameire N. Intervention of the Renal
Disaster Relief Task Force in the 1999
Marmara, Turkey earthquake. Kidney Int.
2001;59(2):783-791.

de Jong K, Ford N, Kleber R. Mental health
care for refugees from Kosovo: the
experience of Medecins Sans Frontieres.
Lancet. May 8 1999;353(9164):1616-1617.

Dellinger AM, Waxweiler RJ, Mallonee S.
Injuries to rescue workers following the
Oklahoma City bombing. Am J Ind Med. Jun
1997;31(6):727-732.

Dodgen D, LaDue LR, Kaul RE.
Coordinating a local response to a national
tragedy: community mental health in
Washington, DC after the Pentagon attack.
Mil Med. Sep 2002;167(9 Suppl):87-89.



497.

498.

499.

500.

501.

502.

503.

504.

505.

506.

507.

Weiss T, Weiss L, Teeter D, Geraci J. Care
provided by VA mobile clinic staff during
Northridge earthquake relief. Prehospital
Disaster Med. Jul-Sep 1999;14(3):191-197.

Handling Hurricane Hugo: disaster planning
that works. Hosp Secur Saf Manage. Feb
1990;10(10):5-10.

Personett JD. Earthquake! Nurs Manage.
Aug 1994;25(8):58-59.

Samii R. The United Nations Joint Logistics
Centre (UNJLC): The Afganistan Crisis.
Fontainebleu, France: INSEAD; 2003.

Samii R, Van Wassenhove L. The United
Nations Joint Logistics Centre (UNJLC):
The Genesis of a Humanitarian Relief
Coordination Platform. Fontainebleau,
France: INSEAD; 2003 2003.

RIMS Overview. Office of Emergency
Services of California. Available at:
http://rimsinland.oes.ca.gov/rims.nsf/RIMS
%200verview?OpenPage. Accessed August
27, 2003.

Samii R, Van Wassenhove L. The United
Nations Joint Logistics Centre (UNJLC):
The Afghanistan Crisis. Fontainebleau,
France: INSEAD; 2003.

What is SUMA? Pan American Health
Organization. Available at:
http://www.disaster.info.desastres.net/SUM
Alingles/menul.htm. Accessed December
16, 2003.

Tanaka K. The Kobe earthquake: the system
response. A disaster report from Japan. Eur
J Emerg Med. Dec 1996;3(4):263-269.

Okumura T, Suzuki K, Fukuda A, et al. The
Tokyo subway sarin attack: disaster
management, Part 3: National and
international responses. Acad Emerg Med.
1998;5(6):625-628.

Emergency Alert System: Frequently Asked
Questions. California Office of Emergency
Services. Available at:
http://www.eas.ca.gov/Pages/easfaq.htm.
Accessed January 29, 2003.

136

508.

509.

510.

511.

512,

513.

514.

515.

516.

517.

518.

Resources for optimal care of the injured
patient: 1999. Chicago: Committee on
Trauma, American College of Surgeons;
1998.

Sampalis JS, Denis R, Lavoie A, et al.
Trauma care regionalization: a process-
outcome evaluation. J Trauma. Apr
1999;46(4):565-579; discussion 579-581.

West JG, Trunkey DD, Lim RC. Systems of
trauma care. A study of two counties. Arch
Surg. Apr 1979;114(4):455-460.

Eastman AB. Blood in our streets. The
status and evolution of trauma care systems.
Arch Surg. Jun 1992;127(6):677-681.

Bass RR, Gainer PS, Carlini AR. Update on
trauma system development in the United
States. J Trauma. Sep 1999;47(3
Suppl):S15-21.

Ammons MA, Moore EE, Pons PT, Moore
FA, McCroskey BL, Cleveland HC. The
role of a regional trauma system in the
management of a mass disaster: an analysis
of the Keystone, Colorado, chairlift
accident. J Trauma. 1988;28(10):1468-1471.

Bazzoli GJ. Community-based trauma
system development: key barriers and
facilitating factors. J Trauma. Sep
1999;47(3 Suppl):S22-24.

Cayten CG, Quervalu I, Agarwal N. Fatality
Analysis Reporting System demonstrates
association between trauma system
initiatives and decreasing death rates. J
Trauma. May 1999;46(5):751-755;
discussion 755-756.

Clay Mann N, Mullins RJ, Hedges JR,
Rowland D, Arthur M, Zechnich AD.
Mortality among seriously injured patients
treated in remote rural trauma centers before
and after implementation of a statewide
trauma system. Med Care. 2001;39(7):643-
653.

Cone JB. Tertiary trauma care in a rural
state. Am J Surg. Dec 1990;160(6):652-654.

Eastman AB, Lewis FR, Jr., Champion HR,
Mattox KL. Regional trauma system design:
critical concepts. Am J Surg. Jul
1987;154(1):79-87.



519.

520.

521.

522.

523.

524,

525.

526.

527.

528.

Guss DA, Meyer FT, Neuman TS, et al. The
impact of a regionalized trauma system on
trauma care in San Diego County. Ann
Emerg Med. Nov 1989;18(11):1141-1145.

Hedges JR, Mann NC, Mullins RJ, Rowland
D, Worrall W, Zechnich AD. Impact of a
statewide trauma system on rural emergency
department patient assessment
documentation. OHSU Rural Trauma
Research Group. Acad Emerg Med. Apr
1997;4(4):268-276.

Jurkovich GJ, Mock C. Systematic review of
trauma system effectiveness based on
registry comparisons. J Trauma. Sep
1999;47(3 Suppl):S46-55.

MacKenzie EJ, Steinwachs DM, Ramzy Al.
Evaluating performance of statewide
regionalized systems of trauma care. J
Trauma. Jun 1990;30(6):681-688.

Mann NC, Mullins RJ, MacKenzie EJ,
Jurkovich GJ, Mock CN. Systematic review
of published evidence regarding trauma
system effectiveness. J Trauma. Sep
1999;47(3 Suppl):S25-33.

Mann NC, Cahn RM, Mullins RJ, Brand
DM, Jurkovich GJ. Survival among injured
geriatric patients during construction of a
statewide trauma system. J Trauma. Jun
2001;50(6):1111-1116.

Miller TR, Levy DT. The effect of regional
trauma care systems on costs. Arch Surg.
Feb 1995;130(2):188-193.

Mullins RJ, Mann NC. Introduction to the
Academic Symposium to Evaluate Evidence
Regarding the Efficacy of Trauma Systems.
J Trauma. Sep 1999;47(3 Suppl):S3-7.

Nathens AB, Jurkovich GJ, Cummings P,
Rivara FP, Maier RV. The effect of
organized systems of trauma care on motor
vehicle crash mortality. JAMA. Apr 19
2000;283(15):1990-1994.

Nathens AB, Jurkovich GJ, Rivara FP,
Maier RV. Effectiveness of state trauma
systems in reducing injury-related mortality:
a national evaluation. J Trauma. Jan
2000;48(1):25-30; discussion 30-21.

137

529.

530.

531.

532.

533.

534.

535.

536.

537.

538.

Shackford SR, Hollingworth-Fridlund P,
Cooper GF, Eastman AB. The effect of
regionalization upon the quality of trauma
care as assessed by concurrent audit before
and after institution of a trauma system: a
preliminary report. J Trauma. Sep
1986;26(9):812-820.

Sheil AG. The necessary requirements for
the development of a national liver
transplant programme. Transplant Proc. Oct
1992;24(5):1949-1950.

Simms PB. A profile of regionalization.
Emergency. May 1989;21(5):30-35.

Smith RS. Regionalization of trauma care: a
necessity for Kansas. Kans Med. Summer-
Fall 1997;98(2):20-23.

Voeller GR, Mangiante EC, Fabian TC. The
effect of a trauma system on the outcome of
patients with pancreatic trauma. Arch Surg.
May 1991;126(5):578-580.

NIT (National Information Infrastructure
Testbed) update: Denver Health and
Hospitals links rural areas. Health Manag
Technol. May 1996;17(6):38.

American Academy of Pediatrics.
Committee on Pediatric Emergency
Medicine. American College of Critical
Care Medicine. Society of Critical Care
Medicine. Consensus report for
regionalization of services for critically ill or
injured children. Pediatrics. Jan 2000;105(1
Pt 1):152-155.

Abernathy JH, 3rd, McGwin G, Jr., Acker
JE, 3rd, Rue LW, 3rd. Impact of a voluntary
trauma system on mortality, length of stay,
and cost at a level | trauma center. Am Surg.
Feb 2002;68(2):182-192.

Ammon AA, Fath JJ, Brautigan M, Mehta
R, Matthews J. Transferring patients to a
pediatric trauma center: the transferring
hospital's perspective. Pediatr Emerg Care.
Oct 2000;16(5):332-334.

Beresky RE, Flores DJ, Crosland EM,
Allison DC. An organized system of trauma
care in an Army community hospital. Mil
Med. Oct 1990;155(10):498-501.



539.

540.

541.

542,

543.

544,

545.

546.

547.

548.

549.

Biffl WL, Moore EE, Offner PJ, Franciose
RJ, Johnson JL, Burch JM. The Outreach
Trauma Program: a model for survival of the
academic trauma center. J Trauma. May
2002;52(5):840-846.

Bray TJ. Design of the Northern Nevada
Orthopaedic Trauma Panel: a model, level-1I
community-hospital system. J Bone Joint
Surg Am. Feb 2001;83-A(2):283-289.

Burney RE, Tibbs JJ, Mattice C, Buechler
CM, Scholten DJ. Assuring trauma system
quality by outcomes reporting in two
voluntary regional trauma networks. Todays
OR Nurse. Jul-Aug 1995;17(4):27-31.

Deane SA, Gaudry PL, Woods WP, Read
CM, McNeil RJ. Interhospital transfer in the
management of acute trauma. Aust N Z J
Surg. Jun 1990;60(6):441-446.

Gray AJ, Goodacre S, Johnson G,
McGowan A. Regional standards in trauma
care. J Accid Emerg Med. Sep
1996;13(5):365.

Hulka F. Pediatric trauma systems: critical
distinctions. J Trauma. Sep 1999;47(3
Suppl):S85-89.

Hunt J, Hill D, Besser M, West R, Roncal S.
Outcome of patients with neurotrauma: the
effect of a regionalized trauma system. Aust
N Z J Surg. Feb 1995;65(2):83-86.

Kinny SJ, Jones DH. Trauma services
requirements in a district general hospital
serving a rural area. BMJ. Feb 24
1990;300(6723):504-508.

Kissoon N, Tepas JJ, 3rd, Peterson RJ,
Pieper P, Gayle MO. The evaluation of
pediatric trauma care using audit filters.
Pediatr Emerg Care. Aug 1996;12(4):272-
276.

Knuth TE, Wilson A, Oswald SG. Military
training at civilian trauma centers: the first
year's experience with the Regional Trauma
Network. Mil Med. Sep 1998;163(9):608-
614.

Kortbeek JB. A review of trauma systems
using the Calgary model. Can J Surg. Feb
2000;43(1):23-28.

138

550.

551.

552.

553.

554,

555.

556.

557.

558.

559.

MacKenzie EJ, Morris JA, Jr., de Lissovoy
GV, Smith G, Fahey M. Acute hospital costs
of pediatric trauma in the United States: how
much and who pays? J Pediatr Surg. Sep
1990;25(9):970-976.

MacKenzie EJ. Review of evidence
regarding trauma system effectiveness
resulting from panel studies. J Trauma. Sep
1999;47(3 Suppl):S34-41.

Miller JD, Jones PA. The work of a regional
head injury service. Lancet. May 18
1985;1(8438):1141-1144.

Pagliarello G, Dempster A, Wesson D. The
Integrated Trauma Program: a model for
cooperative trauma triage. J Trauma. Aug
1992;33(2):198-203; discussion 203-194.

Schwab W, Frankel HL, Rotondo MF, et al.
The impact of true partnership between a
university Level | trauma center and a
community Level Il trauma center on patient
transfer practices. J Trauma. May
1998;44(5):815-819; discussion 819-820.

Sharar SR, Luna GK, Rice CL, Valenzuela
TD, Copass MK. Air transport following
surgical stabilization: an extension of
regionalized trauma care. J Trauma. Jun
1988;28(6):794-798.

Simons R, Kasic S, Kirkpatrick A, Vertesi
L, Phang T, Appleton L. Relative
importance of designation and accreditation
of trauma centers during evolution of a
regional trauma system. J Trauma. May
2002;52(5):827-833; discussion 833-824.

Sloan EP, Callahan EP, Duda J, Sheaff CM,
Robin AP, Barrett JA. The effect of urban
trauma system hospital bypass on
prehospital transport times and Level 1
trauma patient survival. Ann Emerg Med.
Nov 1989;18(11):1146-1150.

Southard P. Rural trauma: the next trauma
system challenge. J Emerg Nurs. Oct
1991;17(5):346-348.

Trooskin SZ, Faucher MB, Santora TA,
Talucci RC. Consolidation of trauma
programs in the era of large health care
delivery networks. J Trauma. Mar
1999;46(3):488-493.



560.

561.

562.

563.

564.

565.

566.

567.

568.

569.

Young JS, Bassam D, Cephas GA, Brady
WJ, Butler K, Pomphrey M. Interhospital
versus direct scene transfer of major trauma
patients in a rural trauma system. Am Surg.
Jan 1998;64(1):88-91; discussion 91-82.

Lerner EB, Billittier AJt, Sikora J, Moscati
RM. Use of a geographic information
system to determine appropriate means of
trauma patient transport. Acad Emerg Med.
Nov 1999;6(11):1127-1133.

Olson CJ, Arthur M, Mullins RJ, Rowland
D, Hedges JR, Mann NC. Influence of
trauma system implementation on process of
care delivered to seriously injured patients in
rural trauma centers. Surgery. Aug
2001;130(2):273-279.

Frascone RJ, Gisch T. Implementation of a
subregional trauma system. Minn Med. Jun
1999;82(6):49-52.

Hammond JS, Breckenridge MB.
Longitudinal analysis of the impact of a
level 1 trauma center designation at a
university hospital. J Am Coll Surg. Mar
1999;188(3):217-224.

Bazzoli GJ, Harmata R, Chan C.
Community-based trauma systems in the
United States: an examination of structural
development. Soc Sci Med. May
1998;46(9):1137-1149.

Rutledge R, Fakhry SM, Meyer A, Sheldon
GF, Baker CC. An analysis of the
association of trauma centers with per capita
hospitalizations and death rates from injury.
Ann Surg. Oct 1993;218(4):512-521;
discussion 521-514.

Esposito TJ, Nania J, Maier RV. State
trauma system evaluation: a unique and
comprehensive approach. Ann Emerg Med.
Apr 1992;21(4):351-357.

Thompson CT. The trauma center: what it
is, what it is not, what it can accomplish.
Surg Annu. 1985;17:153-161.

Cales RH. Trauma mortality in Orange
County: the effect of implementation of a
regional trauma system. Ann Emerg Med.
Jan 1984;13(1):1-10.

139

570.

571.

572.

573.

574.

575.

576.

S77.

578.

579.

580.

Haller JA, Jr., Shorter N, Miller D,
Colombani P, Hall J, Buck J. Organization
and function of a regional pediatric trauma
center: does a system of management
improve outcome? J Trauma. Aug
1983;23(8):691-696.

West JG, Cales RH, Gazzaniga AB. Impact
of regionalization. The Orange County
experience. Arch Surg. Jun
1983;118(6):740-744.

Mucha P, Jr., Farnell MB, Czech JM,
Melton LJ, 3rd. A rural regional trauma
center. J Trauma. Apr 1983;23(4):337-340.

Eggold R. Trauma care regionalization: a
necessity. J Trauma. Mar 1983;23(3):260-
262.

Boyd DR, Cowley RA. Comprehensive
regional trauma/emergency medical services
(EMS) delivery systems: the United States
experience. World J Surg. Jan
1983;7(1):149-157.

Trunkey DD. Regionalization of trauma
care. Top Emerg Med. Jul 1981;3(2):91-96.

Egges J, Turnock BJ. Evaluation of an EMS
regional referral system using a tracer
methodology. Ann Emerg Med. Oct
1980;9(10):518-523.

Tye J, Vargish T, Jensen A. The role of a
hospital-based emergency helicopter service
in a rural state. Emerg Med Serv. Jul-Aug
1980;9(4):17-20, 23.

California's Trauma Care: System Capacity
and Demand: California Health Care
Foundation; September 2002.

Cooper A, Barlow B, DiScala C, String D,
Ray K, Mottley L. Efficacy of pediatric
trauma care: results of a population-based
study. J Pediatr Surg. Mar 1993;28(3):299-
303; discussion 304-295.

Smith JS, Jr., Martin LF, Young WW,
Macioce DP. Do trauma centers improve
outcome over non-trauma centers: the
evaluation of regional trauma care using
discharge abstract data and patient
management categories. J Trauma. Dec
1990;30(12):1533-1538.



581.

582.

583.

584.

585.

586.

587.

588.

589.

590.

Preliminary Survey of US Trauma Centers
and State-by-State Analysis of Trauma
Systems Development. Reston, VA: Eastern
Association for the Surgery of Trauma;
1991.

Bravata DM, McDonald K, Smith W, et al.
Surveillance Systems for Bioterrorism and
Emerging Infectious Diseases: A Systematic
Review. Manuscript under review. 2003.

Public Health Information Network. Centers
for Disease Control and Prevention.
December 13, 2003. Available at:
www.cdc.gov/phin. Accessed December 15,
2003.

Sosin DM. Draft framework for evaluating
syndromic surveillance systems. J Urban
Health. Jun 2003;80(Suppl 1):18-113.

Buckeridge DL, Graham J, O'Connor MJ,
Choy MK, Tu SW, Musen MA. Knowledge-
based bioterrorism surveillance. Proc AMIA
Symp. 2002:76-80.

Langmuir AA. The surveillance of
communicable diseases of national
importance. New Engl J Med.
1963;288:182-192.

Barthell EN, Cordell WH, Moorhead JC, et
al. The Frontlines of Medicine Project: a
proposal for the standardized
communication of emergency department
data for public health uses including
syndromic surveillance for biological and
chemical terrorism. Ann Emerg Med. Apr
2002;39(4):422-429.

Irvin CB, Nouhan PP, Rice K. Syndromic
analysis of computerized emergency
department patients' chief complaints: An
opportunity for bioterrorism and influenza
surveillance. Ann Emerg Med. Apr
2003;41(4):447-452.

Valleron AJ, Vidal JJ. Timely redistribution
of information for epidemiological
surveillance and alert: the experience from
the French communicable diseases network.
Proc AMIA Symp. 2002:830-834.

Lazarus R, Kleinman K, Dashevsky I, et al.
Use of automated ambulatory-care
encounter records for detection of acute

140

591.

592.

593.

594.

595.

596.

597.

598.

599.

illness clusters, including potential
bioterrorism events. Emerg Infect Dis. Aug
2002;8(8):753-760.

Krenzelok EP. The critical role of the Poison
Center in the recognition, mitigation and
management of biological and chemical
terrorism. Przegl Lek. 2001;58(4):177-181.

Burkom HS. Biosurveillance applying scan
statistics with multiple, disparate data
sources. J Urban Health. Jun 2003;80(Suppl
1):157-165.

Goldenberg A, Shmueli G, Caruana RA,
Fienberg SE. Early statistical detection of
anthrax outbreaks by tracking over-the-
counter medication sales. Proc Natl Acad
Sci U S A. Apr 16 2002;99(8):5237-5240.

Lewis MD, Pavlin JA, Mansfield JL, et al.
Disease outbreak detection system using
syndromic data in the greater Washington
DC area. Am J Prev Med. Oct
2002;23(3):180-186.

Pavlin JA, Kelley PW. ESSENCE:
Electronic Surveillance System for the Early
Notification of Community-based Epidemics.
Silver Spring, MD: U.S. Department of
Defense, Global Emerging Infections
Surveillance and Response System; October
4 2001.

Rogerson PA. A Cumulative Sum Approach
to Syndromic Surveillance in Geographic
Regions. J Urban Health. June 1
2003;80(Suppl 1):i130.

Kulldorf M, Huang L, Pickle L. An Elliptic
Spatial Scan Statistic and Its Application to
Breast Cancer Mortality Data in
Northweastern United States. J Urban
Health. June 1 2003;80(Suppl 1):i130-131.

Osaka K, Takahashi H, Ohyama T. Testing a
symptom-based surveillance system at high-
profile gatherings as a preparatory measure
for bioterrorism. Epidemiol Infect. Dec
2002;129(3):429-434.

Chauvin P, Valleron AJ. Attitude of French
general practitioners to the public health
surveillance of communicable diseases. Int J
Epidemiol. 1995;24(2):435-440.



600.

601.

602.

603.

604.

605.

606.

607.

608.

609.

Kaufmann AF, Meltzer MI, Schmid GP. The
economic impact of a bioterrorist attack: are
prevention and postattack intervention
programs justifiable? Emerg Infect Dis. Apr-
Jun 1997;3(2):83-94.

Thackway S. Public health surveillance
during the Sydney 2000 Olympic and
Paralympic Games. N S W Public Health
Bull. Dec 2000;11(12):201-202.

Jorm L, Visotina M. Keeping the dream
alive - and healthy: Public health
preparations for the Sydney 2000 Olympic
and Paralympic Games: guest editorial. N S
W Public Health Bull. Aug 2000;11(8):137-
138.

Dougherty M. The changing face of public
health reporting. J AHIMA. Apr
2002;73(4):61-62.

Web survey. October results: are we
prepared? Mod Healthc. Dec 3
2001;31(49):33.

Wein LM, Craft DL, Kaplan EH.
Emergency response to an anthrax attack.
Proc Natl Acad Sci U SA. Aprl
2003;100(7):4346-4351.

Brookmeyer R, Blades N, Hugh-Jones M,
Henderson DA. The statistical analysis of
truncated data: application to the Sverdlovsk
anthrax outbreak. Biostatistics. Jun
2001;2(2):233-247.

Bell DM, Kozarsky PE, Stephens DS.
Conference Summary: Clinical issues in
prophylaxis, diagnosis and treatment of
anthrax. Emerg Infect Dis. 2002;8(2):222-
225.

Jefferds MD, Laserson K, Fry AM, et al.
Adherence to antimicrobial inhalational
anthrax prophylaxis among postal workers,
Washington, D.C., 2001. Emerg Infect Dis.
Oct 2002;8(10):1138-1144.

Cost Containment of Medicaid HIV/AIDS
Drug Expenditures. Washington, D.C.:
Department of Health and Human Services,
Office of Inspector General; July 2001. OEI-
05-99-00611.

141

610.

611.

612.

613.

614.

615.

616.

617.

618.

619.

MarkeTips. Veterans Administration Supply
News. January/February, 2000.

Clinical Pathway: Anthrax Inhalational
Exposure. Center for Infectious Disease
Research and Policy (CIDRAP) and
Infectious Diseases Society of America
(IDSA). Available at:
http://www.cidrap.umn.edu/cidrap/files/17/a
nthrax-clinical-pathway.pdf. Accessed
September 9, 2003.

Ala'Aldeen D. Risk of deliberately induced
anthrax outbreak. Lancet. Oct 27
2001;358(9291):1386-1388.

Cohen ML. Bioterrorism: CDC's Public
Health Response. Testimony before the
Committee on Governmental Affairs and
Subcommittee on International Security,
Proliferation and Federal Services, United
States Senate. October 30. Available at:
www.hhs.gov/asl/testify/t011030.html.
Accessed September 3, 2003.

Receiving, Distributing, and Dispensing the
National Pharmaceutical Stockpile: A guide
for Planners. Version 9 - Draft: Centers for

Disease Control and Prevention; April 2002.

International Information Programs. U.S.
Department of State. Available at:
http://usinfo.state.gov/topical/pol/terror/011
02416.htm. Accessed September 5, 2003.

Wetter DC, Daniel WE, Treser CD. Hospital
Preparedness for Victims of Chemical or
Biological Terrorism. Amer J Public Health.
2001;91(5):710-716.

Data Profiles. U.S. Census Bureau.
Available at:
http://www.census.gov/acs/wwwi/Products/i
ndex.htm. Accessed September 3, 2003.

Dartmouth Atlas of Health Care, the Pacific
States. The Center for the Evaluative
Clinical Sciences, Dartmouth Medical
School. Available at:
www.dartmouthatlas.org/. Accessed
September 3, 2003.

SMARTpages. SMARTpages.com. Available
at: www.smartpages.com/. Accessed
September 3, 2003.



620.

621.

622.

623.

624.

625.

626.

Hupert N, Cuomo J. Weill/Cornell Mass
Prophylaxis/Vaccination Model. Available
at:
http://www.ahcpr.gov/research/biomodel/ind
ex.asp. Accessed Sepetember 3, 2003.

Bice SD. CDC Efforts to Assist State and
Local Government Preparedness for
Terrorist Attacks: Testimony before the
Subcommittee on Government Efficiency,
Financial Management, and
Intergovernmental Relations, Committee on
Government Reform Unites States House of
Representatives. Washington, D.C. April 2
2002.

Projection of the Total Resident Population
by 5-Year Age Groups and Sex with Special
Age Categories: Middle Series, 1999 to
2000. US Census Bureau. July 13. Available
at:
http://www.census.gov/population/projectio
ns/nation/summary/np-t3-a.pdf. Accessed
September 9, 2003.

Hetzel L, Smith A. The 65 Years and Over
Population: 2000. US Census Bureau
[Census 2000 Brief]. October. Available at:
http://www.census.gov/prod/2001pubs/c2kb
r01-10.pdf. Accessed September 9, 2003.

Disability Status: 2000 - Census 2000 Brief.
US Census Bureau. May 14. Available at:
http://www.census.gov/hhes/wwwi/disable/di
sabstat2k/tablel.html. Accessed September
9, 2003.

Births, Marriages, Divorces, and Deaths:
Provisional Data for July 2001. National
Center for Health Statistics. March 8.
Available at:
http://www.cdc.gov/nchs/data/nvsr/nvsr50/n
vsr50_03.pdf. Accessed September 9, 2003.

Thoreau HD. Paradise (To Be) Regained
(1843). The Writings of Henry David
Thoreau. Vol 4: Houghton Mifflin;
1906:299.

142



Listing of Excluded Studies

10.

A battle cry for biomedicine. Nat Med. Nov
2001;7(11):1163. Does not address
regionalization.

After September 11. N Engl J Med. Nov 15
2001;345(20):1490. Opinion or editorial.

Ahmad SH. Hurricane Andrew: a Texas
physician helps out. Tex Med. Jan
1993;89(1):8-9. Does not address
regionalization.

Alexander JP, Chapman LE, Pallansch MA,
Stephenson WT, Torok TJ, Anderson LJ.
Coxsackievirus B2 infection and aseptic
meningitis: a focal outbreak among
members of a high school football team. J
Infect Dis. May 1993;167(5):1201-1205.
Does not address regionalization.

Altman GB. Bioterrorism's invisible threats:
heightened awareness will help nurses
identify real and suspected bioterrorism.
Nurs Manage. Jan 2002;33(1):43, 45-47.
Does not address regionalization.

Analyzing your vulnerability to hazards. Jt
Comm Perspect. Dec 2001;21(12):8-9. Does
not address regionalization.

Anderson GV, Jr., Feliciano DV. The
Centennial Olympic Park bombing: Grady's
response. J Med Assoc Ga. Jan
1997;86(1):42-46. Does not address
regionalization.

Annas GJ. Bioterrorism and public health
law. JAMA. Dec 4 2002;288(21):2685-2686;
author reply 2686-2687. Does not describe
bioterrorism-relevant response task.

Annas GJ. Bioterrorism, public health, and
civil liberties. N Engl J Med. Apr 25
2002;346(17):1337-1342. Does not describe
bioterrorism-relevant response task.

Annas GJ. Bioterrorism, public health, and
human rights. Health Aff. Nov-Dec
2002;21(6):94-97. Does not describe
bioterrorism-relevant response task.

143

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Anteau CM, Williams LA. The Oklahoma
Bombing: Lessons Learned. Crit Care Nurs
Clin North Am. Jun 1997;9(2):231-236.
Does not address regionalization.

Arnold JL. Disaster medicine in the 21st
century: future hazards, vulnerabilities, and
risk. Prehospital Disaster Med. Jan-Mar
2002;17(1):3-11. Does not address
regionalization.

Artenstein AW, Neill MA, Opal SM.
Bioterrorism and physicians. Ann Intern
Med. Oct 1 2002;137(7):626. Opinion or
editorial.

Aseptic meningitis in a high school football
team - Ohio. MMWR Morb Mortal Wkly
Rep. Jan 9 1981;29(52):631-637. Does not
address regionalization.

Aseptic meningitis--New York State and
United States, weeks 1-36, 1991. MMWR
Morb Mortal Wkly Rep. Nov 15
1991;40(45):773-775. Does not address
regionalization.

ASHP statement on the role of health-
system pharmacists in counterterrorism. Am
J Health Syst Pharm. Feb 1 2002;59(3):282-
283. Does not address regionalization.

Atlas RM. Bioterriorism: from threat to
reality. Annu Rev Microbiol. 2002;56:167-
185. Does not address regionalization.

Atlas RM. Public health. National security
and the biological research community.
Science. Oct 25 2002;298(5594):753-754.
Does not address regionalization.

Atlas RM. Responding to the threat of
bioterrorism: a microbial ecology
perspective--the case of anthrax. Int
Microbiol. Dec 2002;5(4):161-167. Does not
address regionalization.

Atlas RM. The medical threat of biological
weapons. Crit Rev Microbiol.
1998;24(3):157-168. Does not address
regionalization.



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Aubrey L. The hard lessons of September.
Mod Healthc. Jan 28 2002;32(4):50.
Opinion or editorial.

Augustine J. Silent assassin. Managing
exposure incidents of unknown origin. J
Emerg Med Serv JEMS. Apr 2002;27(4):36-
40. Does not address regionalization.

Austin PC, Mamdani MM, Jaakkimainen L,
Hux JE. Trends in drug prescriptions among
elderly residents of Ontario in the weeks
after September 11, 2001. JAMA. Aug 7
2002;288(5):575-577. Does not address
regionalization.

Barclay L. Combat Medicine in Iraq, Part 1:
An Expert Interview with Col. Cliff
Cloonan, MD. Medscape Medical News,
2003. Does not address regionalization.

Baron RC, Hatch MH, Kleeman K,
MacCormack JN. Aseptic meningitis among
members of a high school football team. An
outbreak associated with echovirus 16
infection. JAMA. Oct 8 1982;248(14):1724-
1727. Does not address regionalization.

Bartlett JG, Inglesby TV, Jr., Borio L.
Management of anthrax. Clin Infect Dis. Oct
1 2002;35(7):851-858. Does not address
regionalization.

Bates N, Asgari-Jirhandeh N. Bioterrorism.
Emerg Nurse. Dec-2002 Jan 2001;9(8):21-
25. Does not address regionalization.

Bayer R, Colgrove J. Bioterrorism, public
health, and the law. Health Aff. Nov-Dec
2002;21(6):98-101. Does not describe a
bioterrorism-relevant response task.

Bayer R, Colgrove J. Public health vs. civil
liberties. Science. Sep 13
2002;297(5588):1811. Does not describe a
bioterrorism-relevant response task.

Beaton RD, Johnson LC. Instrument
development and evaluation of domestic
preparedness training for first responders.
Prehospital Disaster Med. Jul-Sep
2002;17(3):119-125. Does not address
regionalization.

144

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Becker C. 20/20 hindsight. Months after
anthrax claimed the lives of several
Americans, hospitals review their reaction to
the event--and plan for future crises. Mod
Healthc. Feb 25 2002;32(8):8-9, 12. Does
not address regionalization.

Becker C. Ready, willing and able.
Providers united to treat the victims of
terrorism, but they wanted more patients.
Mod Healthc. Sep 17 2001;31(38):4-5, 28.
Does not address regionalization.

Becker C. 'We have survived, and we're
stronger'. During the year since America's
trauma of Sept. 11, New York hospitals--and
healthcare organizations nationwide--have
taken the painful lessons to heart. Mod
Healthc. Sep 2 2002;32(35):22-26. Does not
address regionalization.

Becker R, Smith M, Maier J. Are hospitals
focusing enough on disaster readiness? Hosp
Health Netw. Jul 2002;76(7):30. Does not
address regionalization.

Bellamy RJ, Freedman AR. Bioterrorism.
QJM. Apr 2001;94(4):227-234. Does not
address regionalization.

Benedek DM, Holloway HC, Becker SM.
Emergency mental health management in
bioterrorism events. Emerg Med Clin North
Am. May 2002;20(2):393-407. Does not
address regionalization.

Benjamin G. Ensuring the health of
Maryland's citizens: the 2002 legislative
agenda. Md Med. Winter 2002;3(1):42-43.
Does not address regionalization.

Benjamin GC. Bioterrorism and the public
health. Md Med. Spring 2000;1(2):24-26.
Opinion or editorial.

Benjamin GC. Managing terror. Public
health officials learn lessons from
bioterrorism attacks. Physician Exec. Mar-
Apr 2002;28(2):80-83. Does not address
regionalization.

Benjamin GC. Smallpox vaccine policy: the
national debate. Physician Exec. Sep-Oct
2002;28(5):64-66. Does not address
regionalization.



41,

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

Bentley J. The front line. Local hospitals
will be the first to respond to a terrorist
attack--and they intend to be ready. Hosp
Health Netw. Nov 2001;75(11):84, 84. Does
not address regionalization.

Berkowitz B. Public health nursing practice:
aftermath of September 11, 2001. Online J
Issues Nurs. 2002;7(3):5. Does not address
regionalization.

Berlin B. Targeting bioterrorism. N J Med.
Oct 1999;96(10):29-31. Opinion or editorial.

Berod T, Chan-ou-Teung F. Pharmacist's
role in rescue efforts after plane crash in
Indian Ocean. Am J Health Syst Pharm.
May 1 1997;54(9):1110. Does not address
regionalization.

Bioterrorism alleging use of anthrax and
interim guidelines for management--United
States, 1998. MMWR Morb Mortal Wkly
Rep. Feb 5 1999;48(4):69-74. Does not
address regionalization.

Blendon RJ, DesRoches CM, Benson JM,
Herrmann MJ, Taylor-Clark K, Weldon KJ.
The public and the smallpox threat. N Engl J
Med. Jan 30 2003;348(5):426-432. Opinion
or editorial.

Block SM. The Growing Threat of
Biological Weapons. American Scientist.
Jan-Feb 2001;89(1). Does not address
regionalization.

Boatright JR. The threat of terrorism--can
our emergency medical systems ever be
prepared? J Emerg Nurs. Dec
2002;28(6):552-555. Does not address
regionalization.

Bobo N. Smallpox vaccine--do school
nurses know how to respond?
Nasnewsletter. Sep 2002;17(5):14-15. Does
not address regionalization.

Boin A, van Duin M, Heyse L. Toxic fear:
the management of uncertainty in the wake
of the Amsterdam air crash. J Hazard
Mater. Dec 14 2001;88(2-3):213-234. Does
not address regionalization.

Boni CE, Earls EA. Hospital preparedness
for acts of bioterrorism: an assessment of

145

52.

53.

54.

55.

56.

57.

58.

59.

60.

emergency preparedness plans of hospitals
in Rhode Island. Med Health R 1. Jun
2001;84(6):199. Does not address
regionalization.

Borg MA, Tieck WC, Jr. Responding to
anthrax. J Dent Technol. Nov-Dec
2001;18(8):12-14, 28. Does not address
regionalization.

Borio L, Frank D, Mani V, et al. Death due
to bioterrorism-related inhalational anthrax:
report of 2 patients. JAMA. Nov 28
2001;286(20):2554-2559. Does not address
regionalization.

Bowen GS, Fisher MC, DeForest A,
Thompson CM, Jr., Kleger B, Friedman H.
Epidemic of meningitis and febrile illness in
neonates caused by ECHO type 11 virus in
Philadelphia. Pediatr Infect Dis. Sep-Oct
1983;2(5):359-363. Does not address
regionalization.

Bozeman WP, Dilbero D, Schauben JL.
Biologic and chemical weapons of mass
destruction. Emerg Med Clin North Am. Nov
2002;20(4):975-993, xii. Does not address
regionalization.

Bozzette SA, Boer R, Bhatnagar V, etal. A
model for a smallpox-vaccination policy. N
Engl J Med. Jan 30 2003;348(5):416-425.
Does not address regionalization.

Bradley RN. Health care facility preparation
for weapons of mass destruction. Prehosp
Emerg Care. Jul-Sep 2000;4(3):261-269.
Does not address regionalization.

Brechtel K. Andrew's aftermath. Am J Nurs.
Nov 1992;92(11):16. Does not address
regionalization.

Breithaupt H. Responding to bioterrorism.
EMBO Rep. Dec 2001;2(12):1053. Does not
address regionalization.

Brewer RD, Morris PD, Cole TB.
Hurricane-related emergency department
visits in an inland area: an analysis of the
public health impact of Hurricane Hugo in
North Carolina. Ann Emerg Med. Apr
1994;23(4):731-736. Does not address
regionalization.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Briggs B. Hospitals recheck: are they ready
for anything? Health Data Manag. Dec
2001;9(12):42-44. Does not address
regionalization.

Broad WJ. Anthrax, Virulence. ProMED-
mail. April 7, 2003. Does not address
regionalization.

Brocato CE, Miller GT. The next agent of
terror? Understanding smallpox & its
implications for prehospital crews. J Emerg
Med Serv JEMS. Mar 2002;27(3):44-50, 52-
45. Does not address regionalization.

Brook I, Gorman R, Johnson MW. Outbreak
of meningococcal disease in a family. South
Med J. Jul 1980;73(7):902-903. Does not
address regionalization.

Brook I. The prophylaxis and treatment of
anthrax. Int J Antimicrob Agents. Nov
2002;20(5):320-325. Does not address
regionalization.

Brookmeyer R, Blades N. Prevention of
inhalational anthrax in the U.S. outbreak.
Science. Mar 8 2002;295(5561):1861. Does
not address regionalization.

Brown D. Medicine and the media: a case
study. Pharos Alpha Omega Alpha Honor
Med Soc. Summer 1984;47(3):2-7. Does not
address regionalization.

Bruckbauer S. Congress considers
stockpiling potassium iodide. J Natl Cancer
Inst. Jan 16 2002;94(2):86. Does not address
regionalization.

Bryan JL, Fields HF. An ounce of
prevention is worth a pound of cure-shoring
up the public health infrastructure to respond
to bioterrorist attacks. Am J Infect Control.
Dec 1999;27(6):465-467. Does not address
regionalization.

Bullard TB, Strack G, Scharoun K.
Emergency department security: a call for
reassessment. Health Care Manag. Sep
2002;21(1):65-73. Does not address
regionalization.

Burda AM, Sigg T. Pharmacy preparedness
for incidents involving weapons of mass
destruction. Am J Health Syst Pharm. Dec 1

146

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

2001;58(23):2274-2284. Does not address
regionalization.

Burkle FM, Jr. Mass casualty management
of a large-scale bioterrorist event: an
epidemiological approach that shapes triage
decisions. Emerg Med Clin North Am. May
2002;20(2):409-436. Does not address
regionalization.

Bush GW. Remarks of Project Bioshield,
2003. Does not address regionalization.

Bush LM, Abrams BH, Beall A, Johnson
CC. Index case of fatal inhalational anthrax
due to bioterrorism in the United States. N
Engl J Med. Nov 29 2001;345(22):1607-
1610. Does not address regionalization.

Butler R. International leadership in the
control of biological weapons. Public Health
Rep. 2001;116(Suppl 2):53-58. Does not
address regionalization.

Calhoun P, Plymale I. Hurricane Andrew
reverses natural order: the helpers need help.
Part I. Fund Raising Manage. Feb
1993;23(12):27-32. Does not address
regionalization.

Cangemi CW. Occupational response to
terrorism. AAOHN J. Apr 2002;50(4):190-
196; quiz 197-198. Does not address
regionalization.

Caroline NL, Adom MD. EMS response to a
terrorist attack. Emerg Med Serv. Sep-Oct
1978;7(5):34-37. Does not address
regionalization.

Carpenter D. When privacy and terror
collide. Hosp Health Netw. Dec
2001;75(12):32. Does not address
regionalization.

Cartter ML. Night of two town meetings.
Emerg Infect Dis. Oct 2002;8(10):1175-
1176. Does not address regionalization.

Catizone CA. Survey of Pharmacy Law.
Park Ridge, IL: National Association of
Boards of Pharmacy; 2002. Does not
address regionalization.

Chaffee M, Conway-Welch C, Stephens V.
Bioterrorism in the United States: take it



83.

84.

85.

86.

87.

88.

89.

90.

91.

seriously. Am J Nurs. Nov 2001;101(11):59,
61. Opinion or editorial.

Charatan F. Anthrax blamed as two postal
workers die in United States. BMJ. Oct 27
2001;323(7319):951. Does not address
regionalization.

Check E. Fight against terror 'needs science
institute'. Nature. Jun 27
2002;417(6892):887. Does not address
regionalization.

Check E. US urged to provide smallpox
vaccines for emergency crews. Nature. Jun
20 2002;417(6891):775-776. Does not
address regionalization.

Chemical and Biological Incident Response
Force. Available at:
www.globalsecurity.org/military/agency/us
mc/cbirf.html, 2003. Does not address
regionalization.

Chen FM, Hickner J, Fink KS, Galliher JM,
Burstin H. On the front lines: family
physicians' preparedness for bioterrorism. J
Fam Pract. Sep 2002;51(9):745-750. Does
not address regionalization.

Christen HT, Denney JP, Maniscalco PM,
Rubin DL. Terrorism. Part 111--Response
procedures for terrorist/tactical violence
incidents. J Emerg Med Serv JEMS. Jan
1999;24(1):58-64, 66. Does not address
regionalization.

Cieslak TJ, Christopher GW, Kortepeter
MG, et al. Immunization against potential
biological warfare agents. Clin Infect Dis.
Jun 2000;30(6):843-850. Does not address
regionalization.

Citarella BB, Marble MJ, Mueller CJ. Home
care & hospice's role in response to a
bioterrorist event. Caring. Jan
2002;21(1):36-39. Does not address
regionalization.

Clark N. A joint labor-management health
and safety model: Lessons learned at the
World Trade Center Emergency Project. Am
J Ind Med. Dec 2002;42(6):553-554. Does
not address regionalization.

147

92. Cohen HW, Gould RM, Sidel VW.
Bioterrorism initiatives: public health in
reverse? Am J Public Health. Nov
1999;89(11):1629-1631. Does not address
regionalization.

93. Cohen HW, Sidel VW, Gould RM.
Preparedness for bioterrorism? N Engl J
Med. Nov 8 2001;345(19):1423-1424. Does
not address regionalization.

94. Cohen J, Enserink M. Public health. Rough-
and-tumble behind Bush's smallpox policy.
Science. Dec 20 2002;298(5602):2312-2316.
Does not address regionalization.

95. Cohen J, Marshall E. Bioterrorism. Vaccines
for biodefense: a system in distress. Science.
Oct 19 2001;294(5542):498-501. Does not
address regionalization.

96. Cohen J. Bioterrorism. Blocking smallpox: a
second defense. Science. Oct 19
2001;294(5542):500. Does not address
regionalization.

97. Coignard B. Bioterrorism preparedness and
response in European public health
institutes. Euro Surveill. Nov
2001;6(11):159-166. Does not address
regionalization.

98. Coile RC, Jr. U.S. hospitals, physicians
playing "catch-up" on bioterrorism. Russ
Coiles Health Trends. Dec 2001;14(2):2-3.
Opinion or editorial.

99. Cole LA. Risks of publicity about
bioterrorism: anthrax hoaxes and hype. Am J
Infect Control. Dec 1999;27(6):470-473.
Does not address regionalization.

100.Coleman EA. Smallpox in the ED. Am J
Nurs. Sep 2002;102(9):11. Does not address
regionalization.

101.Colmers JM, Fox DM. The politics of
emergency health powers and the isolation
of public health. Am J Public Health. Mar
2003;93(3):397-399. Does not address
regionalization.

102.Cono J, Casey CG, Bell DM. Smallpox
vaccination and adverse reactions. Guidance
for clinicians. MMWR Recomm Rep. Feb 21



2003;52(RR-4):1-28. Does not address
regionalization.

103.Conrad DA. Coordinating patient care
services in regional health systems: the
challenge of clinical integration. Hosp
Health Serv Adm. 1993;38(4):491-508. Does
not describe bioterrorism-relevant response
task.

104.Cordero JF. The epidemiology of disasters
and adverse reproductive outcomes: lessons
learned. Environ Health Perspect.
1993;101(Suppl 2):131-136. Does not
describe bioterrorism-relevant response task.

105.County Public Health Preparedness.
Washington, D.C.: National Association of
Counties. Does not describe bioterrorism-
relevant response task.

106.Crombie HD. Pasteur returns. Conn Med.
Nov 2001;65(11):689-690. Does not address
regionalization.

107.Cross JT, Jr., Altemeier WA, 3rd. A
pediatrician’s view. Skin manifestations of
bioterrorism. Pediatr Ann. Jan 2000;29(1):7-
9. Does not address regionalization.

108.Currie M. Smallpox nursing in Britain, Part
I1: Nursing care and nurse training. Int Hist
Nurs J. 2001;6(2):59-65. Does not address
regionalization.

109.Darling RG, Catlett CL, Huebner KD,
Jarrett DG. Threats in bioterrorism. I: CDC
category A agents. Emerg Med Clin North
Am. May 2002;20(2):273-309. Does not
address regionalization.

110.Davis S. Engineering a terrorism defense.
Health Facil Manage. Dec 2001;14(12):14-
17. Does not address regionalization.

111.Deaton HL, Hensley J. Taking the terror out
of transport. Am J Nurs. Jun 1990;90(6):58-
60. Does not address regionalization.

112.Dee LG. Lessons learned from Hurricane
Andrew. J Am Vet Med Assoc. Oct 1
1993;203(7):986-988. Does not address
regionalization.

113.DeJohn P. Innovation, cooperation keys to
terror response. Hosp Mater Manage. Dec

148

2002;27(12):1, 9-10. Does not address
regionalization.

114.Demuth JL. Countering Terrorism: Lessons
Learned from Natural and Technological
Disasters. Washington, D.C.: National
Academy of Science; March 1, 2002. Does
not address regionalization.

115.Dennis DT, Inglesby TV, Henderson DA, et
al. Tularemia as a biological weapon:
medical and public health management.
JAMA. Jun 6 2001;285(21):2763-2773. Does
not address regionalization.

116.Dewan PK, Fry AM, Laserson K, et al.
Inhalational anthrax outbreak among postal
workers, Washington, D.C., 2001. Emerg
Infect Dis. Oct 2002;8(10):1066-1072. Does
not address regionalization.

117.Diaz PS. The epidemiology and control of
invasive meningococcal disease. Pediatr
Infect Dis J. Jul 1999;18(7):633-634. Does
not address regionalization.

118.Donnellan C. New law funds nursing's role
in bioterrorism response. The ANA
establishes the National Nurses Response
Team. Am J Nurs. Aug 2002;102(8):23.
Does not address regionalization.

119.Downs KE. Training requirements and
opportunities in planning responses to
bioterrorism. Am J Health Syst Pharm. Jul
15 2002;59(14):1331-1332. Does not
address regionalization.

120.Dull PM, Wilson KE, Kournikakis B, et al.
Bacillus anthracis aerosolization associated
with a contaminated mail sorting machine.
Emerg Infect Dis. Oct 2002;8(10):1044-
1047. Does not address regionalization.

121.Elliott B. Bioterrorism, physician education,
and the Internet. Del Med J. Dec
2001;73(12):479-482. Does not address
regionalization.

122.Ellis JM, Jr. Medical care at the Super Bowl.
J Med Assoc Ga. Jun 2000;89(2):32-37.
Does not address regionalization.

123.Emergency Health Powers Act. Richman K,
trans. 2001-02 Regular Session ed; 2002.
Does not address regionalization.



124.Emergency Plan for the Dock Sud Area,
Port of Bs As City. Buenos Aires:
Municipality of Buenos Aires; January
2001. Does not address regionalization.

125.Enserink M. Biosafety labs. The war on
bioterror moves west. Science. Feb 7
2003;299(5608):814. Does not address
regionalization.

126.Enserink M. Fort Detrick. On biowarfare's
frontline. Science. Jun 14
2002;296(5575):1954-1956. Does not
address regionalization.

127.Etzioni A. Public health law: a
communitarian perspective. Health Aff.
Nov-Dec 2002;21(6):102-104. Does not
address regionalization.

128.Evans G. Bioterrorism watch. Traumatized
health care providers may need stress
counseling in horrific aftermath of bioterror
attack. Hosp Peer Rev. May
2002;27(5):suppl 1-3. Does not address
regionalization.

129.Evans G. Bioterrorism Watch: Clinicians
Must Be Voice of Reason, Reassurance
Now That Bioterrorism Battle Has Been
Joined. ED Manag. Nov 2001;13(11):suppl
1-4, suppl 1. Does not address
regionalization.

130.Evans G. Clinicians must be voice of reason,
reassurance now that bioterrorism battle has
been joined. Hosp Case Manag. Dec
2001;9(12):suppl 1-3. Does not address
regionalization.

131.Evans RG, Crutcher JM, Shadel B,
Clements B, Bronze MS. Terrorism from a
public health perspective. Am J Med Sci. Jun
2002;323(6):291-298. Does not address
regionalization.

132.Feigin RD, Baker CJ, Herwaldt LA, Lampe
RM, Mason EO, Whitney SE. Epidemic
meningococcal disease in an elementary-
school classroom. N Engl J Med. Nov 11
1982;307(20):1255-1257. Does not address
regionalization.

133.Fenstersheib M. Alleged Anthrax Exposure:
Guidelines for Physicians. San Jose, CA;
2001. Does not address regionalization.

149

134.Fidler DP. The malevolent use of microbes
and the rule of law: legal challenges
presented by bioterrorism. Clin Infect Dis.
Sep 1 2001;33(5):686-689. Does not address
regionalization.

135.Fierer J, Kirkland T. Questioning CDC's
"select agent" criteria. Science. Jan 4
2002;295(5552):43. Does not address
regionalization.

136.Flahault A, Dias-Ferrao V, Chaberty P,
Esteves K, Valleron AJ, Lavanchy D.
FluNet as a tool for global monitoring of
influenza on the Web. JAMA. Oct 21
1998;280(15):1330-1332. Does not address
regionalization.

137.Flatow I. Current efforts to monitor for
bioterrorism. National Public Radio. January
31, 2003. Does not address regionalization.

138.Flemmer M. Saboteurs in our salad? Am J
Gastroenterol. Feb 1998;93(2):278-279.
Opinion or editorial.

139.Fox JL. US anti-bioterror efforts swiftly
expanding. Nat Biotechnol. Dec
2001;19(12):1091. Does not address
regionalization.

140.Fox JL. US expands anti-bioterrorist
measures. Nat Biotechnol. Nov
2001;19(11):998-1000. Does not address
regionalization.

141.Foy HM, Nolan CM, Allan ID.
Epidemiologic aspects of M. pneumoniae
disease complications: a review. Yale J Biol
Med. Sep-Dec 1983;56(5-6):469-473. Does
not address regionalization.

142.Franz DR, Zajtchuk R. Biological terrorism:
understanding the threat, preparation, and
medical response. Dis Mon. Feb
2000;46(2):125-190. Does not address
regionalization.

143.From the Centers for Disease Control and
Prevention. Additional options for
preventive treatment for exposed persons to
inhalational anthrax. JAMA. Feb 6
2002;287(5):579. Does not address
regionalization.



144.From the Centers for Disease Control and
Prevention. Interim guidelines for
investigation of and response to Bacillus
anthracis exposures. JAMA. Nov 28
2001;286(20):2540-2541. Does not address
regionalization.

145.From the Centers for Disease Control and
Prevention. Investigation of bioterrorism-
related anthrax, 2001. JAMA. Dec 5
2001;286(21):2662-2663. Does not address
regionalization.

146.From the Centers for Disease Control and
Prevention. Outbreak of aseptic meningitis--
Whiteside County, Illinois, 1995. JAMA.
Apr 23-30 1997;277(16):1272-1273. Does
not address regionalization.

147.From the Centers for Disease Control and
Prevention. Public health dispatch: update:
cutaneous anthrax in a laboratory worker-
Texas, 2002. JAMA. Jul 24-31
2002;288(4):444. Does not address
regionalization.

148.From the Centers for Disease Control and
Prevention. Recommendations for
antimicrobial prophylaxis for children and
breastfeeding mothers and treatment of
children with anthrax. JAMA. Dec 5
2001;286(21):2663-2664. Does not address
regionalization.

149.From the Centers for Disease Control and
Prevention. Risk for meningococcal disease
associated with the Hajj 2001. JAMA. Mar
21 2001;285(11):1438. Does not address
regionalization.

150.From the Centers for Disease Control and
Prevention. Update: Assessment of risk for
meningococcal disease associated with the
Hajj 2001. JAMA. Apr 18
2001;285(15):1956. Does not address
regionalization.

151.From the Centers for Disease Control.
Aseptic meningitis--New York State and
United States, weeks 1-36, 1991. JAMA.
Dec 18 1991;266(23):3267. Does not
address regionalization.

152.Gadus A, Koverman RB. Guarding your
hospital from terrorism: the Cleveland
Clinic Foundation plan. J Healthc Prot

Manage. 1985;1(2):99-104. Does not
address regionalization.

153.Gallo RJ, Campbell D. Bioterrorism:
challenges and opportunities for local health
departments. J Public Health Manag Pract.
Jul 2000;6(4):57-62. Does not address
regionalizaiton.

154.Garrett L. Responding to the nightmare of
bioterrorism. Responsive Community.
Winter 2001;12(1):88-93. Does not address
regionalization.

155.Garrett L. The collapse of global public
health and why it matters for New York. J
Urban Health. Jun 2001;78(2):403-4009.
Does not describe a bioterrorism-relevant
response task.

156.Garrett L. Understanding media's response
to epidemics. Public Health Rep.
2001;116(Suppl 2):87-91. Does not address
regionalization.

157.Garrett LC, Magruder C, Molgard CA.
Taking the terror out of bioterrorism:
planning for a bioterrorist event from a local
perspective. J Public Health Manag Pract.
Jul 2000;6(4):1-7. Does not address
regionalization.

158.Gaunt PN. Audit in infection control--data
analysis and infections in the intensive care
unit. J Hosp Infect. Aug 1993;24(4):291-
300. Does not address regionalization.

159.Geiger HJ. Terrorism, biological weapons,
and bonanzas: assessing the real threat to
public health. Am J Public Health. May
2001;91(5):708-709. Does not address
regionalization.

160.Gensheimer KF, Fukuda K, Brammer L,
Cox N, Patriarca PA, Strikes RA. Preparing
for pandemic influenza: the need for
enhanced surveillance. Vaccine. May 15
2002;20(Suppl 2):S63-65. Does not address
regionalization.

161.Gerberding JL. Faster... but fast enough?
Responding to the epidemic of severe acute
respiratory syndrome. N Engl J Med. May
15 2003;348(20):2030-2031. Does not
address regionalization.



162.Gewolb J. Bioterrorism. Labs tighten
security, regardless of need. Science. Nov 16
2001;294(5546):1437. Does not address
regionalization.

163.Gilmore JS. First Annual Report to the
President and the Congress of the Advisory
Panel to Assess Domestic Response
Capabilities for Terrorism Involving
Weapons of Mass Destruction: Advisory
Panel to Assess Domestic Response
Capabilities for Terrorism Involving
Weapons of Mass Destruction; December 15
1999. Does not address regionalization.

164.Giordano BP. Hurricanes Andrew and Iniki
are still with us. Aorn J. Nov
1992;56(5):829-830. Does not address
regionalization.

165.Giovachino M, Carey N. Modeling the
consequences of bioterrorism response. Mil
Med. Nov 2001;166(11):925-930. Does not
address regionalization.

166.Global Epidemic Detection and Response.
World Health Organization. Available at:
www.who.int/emc/surveillindex.html.
Accessed March 1, 2003. Does not address
regionalization.

167.Gold R. Epidemiology of meningococcal
disease in light of recent Hajj-associated
outbreaks. Clin Infect Dis. Mar 15
2003;36(6):684-686. Does not address
regionalization.

168.Goldman B. Spectator events: medical
preparation a must. CMAJ. Jan 15
1988;138(2):164-165. Does not address
regionalization.

169.Gonzales J. A Report from the Front Lines:
Safeguarding America's Communities from
Terrorism: National Association of
Counties. Does not address regionalization.

170.Gordon JA. Casualty evacuation in the
Rhodesian terrorist war. S Afr Med J. Nov
12 1977;52(21):856-860. Does not address
regionalization.

171.Gordon SM. The threat of bioterrorism: a
reason to learn more about anthrax and
smallpox. Cleve Clin J Med. Nov-Dec

151

1999;66(10):592-595, 599-600. Does not
address regionalization.

172.Gostin LO. Law and ethics in a public health
emergency. Hastings Cent Rep. Mar-Apr
2002;32(2):9-11. Does not address
regionalization.

173.Gourlay M, Siwek J. Resources in the war
against bioterrorism. Am Fam Physician.
Nov 15 2001;64(10):1676, 1678. Does not
address regionalization.

174.Grabenstein JD. Public and patient concerns
in catastrophic circumstances. Am J Health
Syst Pharm. May 15 2002;59(10):923-925.
Does not address regionalization.

175.Grady D, Altman LK. Experts See Gains
and Gaps in Planning for Terror Attack. New
York Times. March 25, 2003. Does not
address regionalization.

176.Greaves I. Terrorism--new threats, new
challenges? J R Army Med Corps. Jun
2001;147(2):142-146. Does not address
regionalization.

177.Greenberg MI, Jurgens SM, Gracely EJ.
Emergency department preparedness for the
evaluation and treatment of victims of
biological or chemical terrorist attack. J
Emerg Med. Apr 2002;22(3):273-278. Does
not address regionalization.

178.Greene J, Gardner E, Lutz S. Andrew
pounds states, hospitals. Mod Healthc. Aug
31 1992;22(35):2-3. Does not address
regionalization.

179.Greene J, Weissenstein E. Hospitals
mounting efforts to aid Andrew-hit
hospitals. Mod Healthc. Sep 7
1992;22(36):4. Does not address
regionalization.

180.Greene J. Atlanta hospitals nimbly respond
to Olympics emergency. Mod Healthc. Aug
5 1996;26(32):2-3. Does not address
regionalization.

181.Greene J. Hospitals learn lessons from
Andrew. Mod Healthc. Aug 30
1993;23(35):6. Opinion or editorial.



182.Gresham R. Going ... going ... gone? Federal
Emergency Management Agency. Emerg
Med Serv. Jan 1994;23(1):42-52. Does not
address regionalization.

183.Gunter EW. Biological and environmental
specimen banking at the Centers for Disease
Control and Prevention. Chemosphere. May
1997;34(9-10):1945-1953. Does not address
regionalization.

184.Guynn JB, Jr. Disaster imminent--Hurricane
Hugo. Hosp Pharm. Apr 1990;25(4):325-
328. Does not address regionalization.

185.Hagstad D. Emergency: Bioterrorism. Am J
Nurs. Dec 2000;100(12):33-35. Does not
address regionalization.

186.Haines JD, Pitts K, Crutcher JM. Medical
response to bioterrorism: are we prepared? J
Okla State Med Assoc. May 2000;93(5):187-
196. Does not address regionalization.

187.Hall SD, Herbold J, England EC. Food for
thought: the use of hazard and critical
control point analysis to assess vulnerability
of food to terrorist attack in deployment
locations. Mil Med. Dec 2002;167(12):1006-
1011. Does not address regionalization.

188.Hamburg MA. Bioterrorism: responding to
an emerging threat. Trends Biotechnol. Jul
2002;20(7):296-298. Does not address
regionalization.

189.Hamer J. Response to ski lift disaster by
rural Canadian clinic. J Emerg Nurs. Apr
1997;23(2):142-147. Does not address
regionalization.

190.Hampson GV, Cook SP, Frederiksen SR.
Operation Bali assist. Med J Aust. Dec 2-16
2002;177(11-12):620-623. Does not address
regionalization.

191.Harling R, Twisselmann B, Asgari-
Jirhandeh N, et al. Deliberate releases of
biological agents: initial lessons for Europe
from events in the United States. Euro
Surveill. Nov 2001;6(11):166-171. Does not
address regionalization.

192.Harris RD, Grabenstein JD. What | need to
know about anthrax today. J Ky Med Assoc.

152

Dec 2001;99(12):528-532. Opinion or
editorial.

193.Harris RD. Medical log: forward command
Thredbo. Med J Aust. Dec 1-15
1997;167(11-12):627-629. Does not address
regionalization.

194.Hart CA, Beeching NJ. Prophylactic
treatment of anthrax with antibiotics. BMJ.
Nov 3 2001;323(7320):1017-1018. Does not
address regionalization.

195.Harty-Golder B. How do labs report
bioterrorism agents? MLO Med Lab Obs.
Oct 2002;34(10):19. Does not address
regionalization.

196.Harvey P. The impact of coordinated care:
Eyre region, South Australia 1997-1999.
Aust J Rural Health. Apr 2001;9(2):69-73.
Does not describe bioterrorism-relevant
response task.

197.Hayward M. Management issues
surrounding the United Kingdom health
services' ability to deal effectively with
major incidents involving bioterrorism. J
Nurs Manag. May 2003;11(3):197-207.
Does not address regionalization.

198.Health Care Response to Bioterrorism: ...
What it is ... What you can do; June 5, 2000;
San Francisco, CA. Does not address
regionalization.

199.Henderson DA. About the First National
Symposium on Medical and Public Health
Response to Bioterrorism. Emerg Infect Dis.
July-August 1999;5(4):491. Opinion or
editorial.

200.Henderson DA. Bioterrorism as a public
health threat. Emerg Infect Dis. Jul-Sep
1998;4(3):488-492. Does not address
regionalization.

201.Henderson DA. Bioterrorism. Int J Clin
Pract Suppl. Dec 2000(115):32-36. Does not
address regionalization.

202.Henretig F. Biological and chemical
terrorism defense: a view from the "front
lines" of public health. Am J Public Health.
May 2001;91(5):718-720. Does not address
regionalization.



203.Henretig FM, Cieslak TJ, Kortepeter MG,
Fleisher GR. Medical management of the
suspected victim of bioterrorism: an
algorithmic approach to the undifferentiated
patient. Emerg Med Clin North Am. May
2002;20(2):351-364. Does not address
regionalization.

204.Herrmann J, Smith JL. Hospitals continue
struggle with hurricane aftermath. Health
Syst Rev. Nov-Dec 1992;25(6):13-16. Does
not address regionalization.

205.Herrmann J. Investor-owned hospitals
respond to Andrew's devastation. Health
Syst Rev. Sep-Oct 1992;25(5):6, 16. Does
not address regionalization.

206.Hilleman MR. Overview: cause and
prevention in biowarfare and bioterrorism.
Vaccine. Aug 19 2002;20(25-26):3055-
3067. Does not address regionalization.

207.Hoard ML, Williams JM, Helmkamp JC,
Furbee PM, Manley WG, Russell FK.
Preparing at the local level for events
involving weapons of mass destruction.
Emerg Infect Dis. Sep 2002;8(9):1006-1007.
Does not address regionalization.

208.Hodge JG, Jr. Bioterrorism law and policy:
critical choices in public health. J Law Med
Ethics. Summer 2002;30(2):254-261. Does
not address regionalization.

209.Hogan DE, Waeckerle JF, Dire DJ,
Lillibridge SR. Emergency department
impact of the Oklahoma City terrorist
bombing. Ann Emerg Med. Aug
1999;34(2):160-167. Does not address
regionalization.

210.Holdstock D. Bioterrorism and the
Biological Weapons Convention--the wider
context. Med Confl Surviv. Apr-Jun
2002;18(2):107-109. Does not address
regionalization.

211.Holdsworth GM, Breathnach A, Asboe D, et
al. Controlled management of public
relations following a public health incident.
J Public Health Med. Sep 1999;21(3):251-
254. Does not address regionalization.

153

212.Holsenbeck LS. Joint Task Force Andrew:
the 44th Medical Brigade mental health staff
officer's after action review. Mil Med. Mar
1994;159(3):186-191. Does not address
regionalization.

213.Horton HH, Misrahi JJ, Matthews GW,
Kocher PL. Critical biological agents:
disease reporting as a tool for determining
bioterrorism preparedness. J Law Med
Ethics. Summer 2002;30(2):262-266. Does
not address regionalization.

214.Hubalek Z. European experience with the
West Nile virus ecology and epidemiology:
could it be relevant for the New World?
Viral Immunol. 2000;13(4):415-426. Does
not address regionalization.

215.Hudson PJ, Vogt RL, Heun EM, et al.
Evidence for school transmission of
Neisseria meningitidis during a Vermont
outbreak. Pediatr Infect Dis. Mar-Apr
1986;5(2):213-217. Does not address
regionalization.

216.Huerta M, Balicer RD, Leventhal A. SWOT
analysis: strengths, weaknesses,
opportunities and threats of the Israeli
Smallpox Revaccination Program. Isr Med
Assoc J. Jan 2003;5(1):42-46. Does not
address regionalization.

217.Hurlburt EL, Jones AR. Blood Bank
Inventory Control. 1963:126-133. Does not
address regionalization.

218.Huycke MM. Smallpox in the post-
eradication era. J Okla State Med Assoc.
Nov 2002;95(11):725-728. Does not address
regionalization.

219.Hyams KC, Murphy FM, Wessely S.
Responding to chemical, biological, or
nuclear terrorism: the indirect and long-term
health effects may present the greatest
challenge. J Health Polit Policy Law. Apr
2002;27(2):273-291. Does not address
regionalization.

220.1n the wake of Hurricane Hugo's
devastation, Charleston nurses are picking
up the pieces. Am J Nurs. Nov
1989;89(11):1535, 1556. Does not address
regionalization.



221.Inglesby TV, Henderson DA, Bartlett JG, et
al. Anthrax as a biological weapon: medical
and public health management. Working
Group on Civilian Biodefense. Jama. May
12 1999;281(18):1735-1745. Does not
address regionalization.

222.Inglesby TV, O'Toole T, Henderson DA.
Preventing the use of biological weapons:
improving response should prevention fail.
Clin Infect Dis. Jun 2000;30(6):926-929.
Does not address regionalization.

223.Irizarry A, Heitman B, Segarra M. Lessons
learned from Hurricane Andrew. Nurse
Pract. Dec 1992;17(12):18, 25. Does not
address regionalization.

224.Jacobs LM, Ramp JM, Breay JM. An
emergency medical system approach to
disaster planning. J Trauma. Mar
1979;19(3):157-162. Does not address
regionalization.

225.James JS. SARS Web information. AIDS
Treat News. Apr 4 2003(390):6. Does not
address regionalization.

226.Jernigan DB, Raghunathan PL, Bell BP, et
al. Investigation of bioterrorism-related
anthrax, United States, 2001: epidemiologic
findings. Emerg Infect Dis. Oct
2002;8(10):1019-1028. Does not address
regionalization.

227.Jezierski M. Emergency nurses' response to
Hurricane Andrew's devastation in southern
Florida. J Emerg Nurs. Aug 1993;19(4):370-
371. Does not address regionalization.

228.Johnson DE. Hospitals are more ready for
bioterrorism. Health Care Strateg Manage.
Nov 2001;19(11):2-3. Does not address
regionalization.

229.Johnson RT, Irani DN. West Nile virus
encephalitis in the United States. Curr
Neurol Neurosci Rep. Nov 2002;2(6):496-
500. Does not address regionalization.

230.Jones J, Terndrup TE, Franz DR, Eitzen
EM, Jr. Future challenges in preparing for
and responding to bioterrorism events.
Emerg Med Clin North Am. May
2002;20(2):501-524. Does not address
regionalization.

154

231.Jones JW, Kiefe CI. Anthrax attacks and
practice patterns: a learning opportunity for
health care systems. Qual Manag Health
Care. Spring 2002;10(3):31-39. Does not
address regionalization.

232.Jones S. Heroes of Hurricane Andrew.
Nursing. Mar 1993;23(3):6. Opinion or
editorial.

233.Jortani SA, Snyder JW, Valdes R, Jr. The
role of the clinical laboratory in managing
chemical or biological terrorism. Clin Chem.
Dec 2000;46(12):1883-1893. Does not
address regionalization.

234.Josefson D. Toll of anthrax cases reaches
15. BMJ. Nov 3 2001;323(7320):1022. Does
not address regionalization.

235.Josefson D. US fear of bioterrorism spreads
as anthrax cases increase. BMJ. Oct 20
2001;323(7318):883. Does not address
regionalization.

236.Kampmier CH. Decontamination details.
Suggested considerations for hospital ED
decon rooms. Health Facil Manage. Nov
2001;14(11):28-31. Does not address
regionalization.

237.Katzman S. Preparing for the worst. The
USA and Japan's preparations for a terrorist
attack with chemical or biological weapons.
EMBO Rep. Nov 2000;1(5):387-389. Does
not address regionalization.

238.Keating TP, Nesmith AW, Jr. Material
management's role in disaster planning. J
Healthc Mater Manage. Aug-Sep
1990;8(6):40, 42, 44-46. Does not address
regionalization.

239.Keim M, Kaufmann AF. Principles for
emergency response to bioterrorism. Ann
Emerg Med. Aug 1999;34(2):177-182. Does
not address regionalization.

240.Kemp C. Bioterrorism: introduction and
major agents. J Am Acad Nurse Pract. Nov
2001;13(11):483-491. Does not address
regionalization.

241.Kenar L, Karayilanoglu T, Kose S.
Laboratory conditions and safety in a
chemical warfare agent analysis and



research laboratory. Mil Med. Aug
2002;167(8):628-633. Does not address
regionalization.

242.Kennedy EM. National leadership in
confronting bioterrorism: 2. Public Health
Rep. 2001;116(Suppl 2):116-118. Opinion
or editorial.

243.Kerr GW, Wilkie SC, McGuffie CA.
Medical cover at Scottish football matches:
have the recommendations of the Gibson
Report been met? Br J Sports Med. Aug
1999;33(4):274-275. Does not address
regionalization.

244.Kerruish T. Media could be used to better
effect than inducing fear. BMJ. Jan 12
2002;324(7329):115. Opinion or editorial.

245.Kilic YA, Agalar FA, Kunt M, Cakmakci
M. Prospective, double-blind, comparative
fast-tracking trial in an academic emergency
department during a period of limited
resources. Eur J Emerg Med. 1998;5(4):403-
406. Does not address regionalization.

246.Kirtley JC. Success during these trying
times. J Am Pharm Assoc. Jan-Feb
2002;42(1):6-7. Does not address
regionalization.

247 .Kitler ME, Gavinio P, Lavanchy D.
Influenza and the work of the World Health
Organization. Vaccine. May 15
2002;20(Suppl 2):S5-14. Does not address
regionalization.

248.Kizer KW. Lessons learned in public health
emergency management: personal
reflections. Prehospital Disaster Med. Oct-
Dec 2000;15(4):209-214. Opinion or
editorial.

249.Klinkenberg M. Defense tech. Training for
terror. Sci Am. Sep 2002;287(3):28-29. Does
not address regionalization.

250.Kohane IS. The contributions of biomedical
informatics to the fight against bioterrorism.
J Am Med Inform Assoc. Mar-Apr
2002;9(2):116-119. Does not address
regionalization.

251.Koplan JP, Falk H, Green G. Public health
lessons from the Bhopal chemical disaster.

155

JAMA. 1990;264(21):2795-2796. Does not
address regionalization.

252.Kortepeter MG, Cieslak TJ, Eitzen EM.
Bioterrorism. J Environ Health. Jan-Feb
2001;63(6):21-24. Does not address
regionalization.

253.Kraut A, Mullan F, Riegelman R, Etzioni A.
Public health in the age of bioterrorism.
Responsive Community. Spring
2002;12(2):59-70. Does not address
regionalization.

254.Kron S, Mendlovic S. Mental health
consequences of bioterrorism. Isr Med Assoc
J. Jul 2002;4(7):524-527. Does not address
regionalization.

255.Krueger GP. Psychological and performance
effects of chemical-biological protective
clothing and equipment. Mil Med. Dec
2001;166(12 Suppl):41-43. Does not address
regionalization.

256.Kuhr S, Hauer JM. Intergovernmental
preparedness and response to potential
catastrophic biological terrorism. J Public
Health Manag Pract. Jul 2000;6(4):50-56.
Does not address regionalization.

257.Kwik G, Fitzgerald J, Inglesby T, O'Toole
T. Biosecurity: Responsible Stewardship of
Bioscience in an Age of Catastrophic
Terrorism. Biosecurity and Bioterrorism:
Biodefense Strategy, Science, and Practice.
2003;1(1). Does not address regionalization.

258.Lamb A. Biological weapons: the facts not
the fiction. Clin Med. Nov-Dec
2001;1(6):502-504. Does not address
regionalization.

259.Landrigan PJ. Health consequences of the
11 September 2001 attacks. Environ Health
Perspect. Nov 2001;109(11):A514-515.
Does not address regionalization.

260.Lane HC, Fauci AS. Bioterrorism on the
home front: a new challenge for American
medicine. JAMA. Nov 28
2001;286(20):2595-2597. Does not address
regionalization.

261.Lane HC, Montagne JL, Fauci AS.
Bioterrorism: a clear and present danger.



Nat Med. Dec 2001;7(12):1271-1273.
Opinion or editorial.

262.Lanser EG. America under attack: ACHE
affiliates respond. Healthc Exec. Mar-Apr
2002;17(2):12-18. Does not address
regionalization.

263.Laughrun GM. Preparing your hospital to
respond to a terrorist attack. Am J Health
Syst Pharm. Jul 15 2002;59(14):1329-1330.
Does not address regionalization.

264.LeDuc JW, Becher J. Current status of
smallpox vaccine. Emerg Infect Dis. Jul-
Aug 1999;5(4):593-594. Does not address
regionalization.

265.LeDuc JW, Damon I, Relman DA, Huggins
J, Jahrling PB. Smallpox research activities:
U.S. interagency collaboration, 2001. Emerg
Infect Dis. Jul 2002;8(7):743-745. Does not
address regionalization.

266.Levenson D. CDC: be alert to symptoms
associated with bioterrorism. Rep Med
Guidel Outcomes Res. Nov 1 2001;12(21):1-
2, 5. Does not address regionalization.

267.Lewicki G. Fiery plane crash finds Little
Rock hospitals ready to handle influx of
media and public attention. Profiles Healthc
Mark. Sep-Oct 1999;15(5):44-45. Does not
address regionalization.

268.Li TS, Buckley TA, Yap FH, Sung JJ, Joynt
GM. Severe acute respiratory syndrome
(SARS): infection control. Lancet. Apr 19
2003;361(9366):1386. Does not address
regionalization.

269.Lichtveld M, Hodge JG, Jr., Gebbie K,
Thompson FE, Jr., Loos DI. Preparedness on
the frontline: what's law got to do with it? J
Law Med Ethics. Fall 2002;30(3 Suppl):184-
188. Does not address regionalization.

270.Lightfoot N, Wale M, Spencer R, Nicoll A.
Appropriate responses to bioterrorist threats.
BMJ. Oct 20 2001;323(7318):877-878. Does
not address regionalization.

271.Logan-Henfrey L. Mitigation of bioterrorist
threats in the 21st century. Ann N'Y Acad
Sci. 2000;916:121-133. Does not address
regionalization.

156

272.Lord EJ. Exercises involving an act of
biological or chemical terrorism: what are
the psychological consequences? Mil Med.
Dec 2001;166(12 Suppl):34-35. Does not
address regionalization.

273.Lorin HG, Kulling PE. The Bhopal tragedy--
what has Swedish disaster medicine
planning learned from it? J Emerg Med.
1986;4(4):311-316. Does not address
regionalization.

274.Lovern E. Sketchy isn't best. Hospitals fault
feds for poor anthrax guidance. Mod
Healthc. Oct 29 2001;31(44):8. Does not
address regionalization.

275.Lynch M. Grace under pressure. Drills
become reality during California's 'quake
and Hurricane Hugo. Adm Radiol. Nov
1989;8(11):66-69, 71. Does not address
regionalization.

276.Lyons K. Is your hospital prepared to treat
hundreds of victims of a terrorist attack? J
Healthc Prot Manage. Winter
1999;16(1):20-24. Does not address
regionalization.

277.Mac Sheoin T. Bhopal: a bibliography. Int J
Health Serv. 1986;16(3):441-468. Does not
address regionalization.

278.Malakoff D. Bioterrorism. Security rules
leave labs wanting more guidance. Science.
Feb 21 2003;299(5610):1175. Does not
address regionalization.

279.Management of asymptomatic pregnant or
lactating women exposed to anthrax. Int J
Gynaecol Obstet. Jun 2002;77(3):293-295.
Does not address regionalization.

280.Marghella PD. Medical planning
considerations in consequence management.
Front Health Serv Manage. Fall
2002;19(1):15-23. Does not address
regionalization.

281.Mark McClellan, FDA commissioner, on
antibioterror initiative. Boston Globe. March
23, 2003. Opinion or editorial.

282.Marmar CR, Weiss DS, Metzler TJ,
Delucchi KL, Best SR, Wentworth KA.
Longitudinal course and predictors of



continuing distress following critical
incident exposure in emergency services
personnel. J Nerv Ment Dis. Jan
1999;187(1):15-22. Does not address
regionalization.

283.Marmar CR, Weiss DS, Metzler TJ,
Ronfeldt HM, Foreman C. Stress responses
of emergency services personnel to the
Loma Prieta earthquake Interstate 880
freeway collapse and control traumatic
incidents. J Trauma Stress. Jan
1996;9(1):63-85. Does not address
regionalization.

284.Marshall E. Bioterrorism. DOD retreats on
plan for anthrax vaccine. Science. Jul 21
2000;289(5478):382-383. Does not address
regionalization.

285.Mason DJ. Anthrax and the voice of reason.
Am J Nurs. Dec 2001;101(12):7. Does not
address regionalization.

286.Massey RU. Anthrax. Conn Med. Nov
2001;65(11):693. Opinion or editorial.

287.Matthews GW, Benjamin G, Mills SP,
Parmet W, Misrahi JJ. Legal preparedness
for bioterrorism. J Law Med Ethics. Fall
2002;30(3 Suppl):52-56. Does not address
regionalization.

288.Mayer TA, Bersoff-Matcha S, Murphy C, et
al. Clinical presentation of inhalational
anthrax following bioterrorism exposure:
report of 2 surviving patients. JAMA. Nov
28 2001;286(20):2549-2553. Does not
address regionalization.

289.McCally M, Garg A, Oleskey C. The
challenges of emerging illness in urban

environments: an overview. J Urban Health.

Jun 2001;78(2):350-358. Does not address
regionalization.

290.McCarthy M. Anthrax attack in the USA.
Lancet Infect Dis. Dec 2001;1(5):288-289.
Does not address regionalization.

291.McDonnell S, Hlady WG. In the wake of
Hurricane Andrew. JAMA. Jun 21
1995;273(23):1832-1833. Does not address
regionalization.

157

292.McFee RB. Adolescent health and terrorism-
-the role of the adolescent medicine
specialist. J Adolesc Health. May
2002;30(5):300-301. Does not address
regionalization.

293.McFee RB. Preparing for an era of weapons
of mass destruction (WMD). Are we there
yet? Why we should all be concerned. Part
1. Vet Hum Toxicol. Aug 2002;44(4):193-
199. Does not address regionalization.

294.Meltzer MI, Damon |, LeDuc JW, Millar
JD. Modeling potential responses to
smallpox as a bioterrorist weapon. Emerg
Infect Dis. Nov-Dec 2001;7(6):959-969.
Does not address regionalization.

295.Miara-Rezutek K, Montoya K, Cross M.
When disaster strikes, is your lab prepared?
MLO Med Lab Obs. Jan 1995;27(1):24-27.
Does not address regionalization.

296.Milsten A. Hospital responses to acute-onset
disasters: a review. Prehospital Disaster
Med. Jan-Mar 2000;15(1):32-45. Does not
address regionalization.

297.Ministries of Health and national
surveillance institutes around the world.
World Health Organization. Available at:
www.who.int/emc/surveill/mohglobal.html.
Does not address regionalization.

298.Mitka M. Bioterror Exercise Tests Agencies'
Mettle. JAMA. June 11 2003;289(22):2927-
2928. Does not address regionalization.

299.Mohle-Boetani JC, Matkin C, Pallansch M,
et al. Viral meningitis in child care center
staff and parents: an outbreak of echovirus
30 infections. Public Health Rep. May-Jun
1999;114(3):249-256. Does not address
regionalization.

300.Moles TM. Emergency medical services
systems and HAZMAT major incidents.
Resuscitation. Oct 1999;42(2):103-116.
Does not address regionalization.

301.Molitor L. Coping, caring, and heroism in
the wake of Hurricane Andrew. J Emerg
Nurs. Jun 1993;19(3):37A-42A. Does not
address regionalization.



302.Moore M, Baron RC, Filstein MR, et al.
Aseptic meningitis and high school football
players. 1978 and 1980. JAMA. Apr 15
1983;249(15):2039-2042. Does not address
regionalization.

303.Moreno JD. Bioethics after the terror. Am J
Bioeth. Winter 2002;2(1):60-64. Does not
address regionalization.

304.Morse A. Bioterrorism preparedness for
local health departments. J Community
Health Nurs. Winter 2002;19(4):203-211.
Does not address regionalization.

305.Mott JA, Treadwell TA, Hennessy TW, et
al. Call-tracking data and the public health
response to bioterrorism-related anthrax.
Emerg Infect Dis. Oct 2002;8(10):1088-
1092. Does not address regionalization.

306.Mullin S. Public health and the media: the
challenge now faced by bioterrorism. J
Urban Health. Mar 2002;79(1):12. Does not
address regionalization.

307.Munro I, Brennan M. Lessons of Chernobyl.
BMJ. Jan 25 1992;304(6821):254-255. Does
not describe bioterrorism-relevant response
task.

308.Murlidhar V. The Bhopal tragedy. Natl Med
J India. 1994;7(3):150-151. Does not

describe bioterrorism-relevant response task.

309.Murray V, Goodfellow F. Mass casualty
chemical incidents--towards guidance for
public health management. Public Health.
Jan 2002;116(1):2-14. Does not address
regionalization.

310.NACo's Call to Action for President Bush,
Congress and the American People:
National Association of Counties. Does not
address regionalization.

311.Navas E. Problems associated with potential
massive use of antimicrobial agents as
prophylaxis or therapy of a bioterrorist
attack. Clin Microbiol Infect. Aug
2002;8(8):534-539. Does not address
regionalization.

312.Nestor A, Aviles Al, Kummerle DR,
Barclay LP, Rey JA. Pharmaceutical
services at a medical site after Hurricane

158

Andrew. Am J Hosp Pharm. Sep
1993;50(9):1896-1898. Does not address
regionalization.

313.Nicoll A. Health services in the detection of
and defence against bioterrorism. Hosp Med.
Sep 2002;63(9):519. Does not address
regionalization.

314.Nierengarten MB. Positive response to US
smallpox vaccine policy. Lancet Infect Dis.
Feb 2003;3(2):60. Does not address
regionalization.

315.Noah DL, Huebner KD, Darling RG,
Waeckerle JF. The history and threat of
biological warfare and terrorism. Emerg
Med Clin North Am. May 2002;20(2):255-
271. Does not address regionalization.

316.Noah DL, Sobel AL, Ostroff SM, Kildew
JA. Biological warfare training. Infectious
disease outbreak differentiation criteria. Ann
N Y Acad Sci. 1999;894:37-43. Does not
address regionalization.

317.Nolte KB, Yoon SS, Pertowski C. Medical
examiners, coroners, and bioterrorism.
Emerg Infect Dis. Sep-Oct 2000;6(5):559-
560. Does not address regionalization.

318.Nomura A, Takahashi T. The practical
aspects of quality assurance in Good
Laboratory Practice studies in an emergency
situation. Qual Assur. Dec 1995;4(4):366-
373. Does not address regionalization.

319.Norcross ED, Elliott BM, Adams DB,
Crawford FA. Impact of a major hurricane
on surgical services in a university hospital.
Am Surg. Jan 1993;59(1):28-33. Does not
include regionalization.

320.Nordberg M. Terrorism's bloody trail.
Learning tragic lessons in scene safety from
the Israelis. Emerg Med Serv. Aug
1996;25(8):70-74, 81. Does not address
regionalization.

321.North CS, Pfefferbaum B. Research on the
mental health effects of terrorism. JAMA.
Aug 7 2002;288(5):633-636. Does not
address regionalization.



322.Notice of Emergency Rulemaking: California
Department of Health Services. Does not
address regionalization.

323.Nuclear, biological, and chemical
decontamination. Jt Comm Perspect. Dec
2001;21(12):20-21. Does not address
regionalization.

324.Nunn S. The future of public health
preparedness. J Law Med Ethics. Fall
2002;30(3 Suppl):202-209. Does not address
regionalization.

325.0bstacles to biodefence. Nature. Sep 5
2002;419(6902):1. Does not address
regionalization.

326.0'Connell KP, Menuey BC, Foster D. Issues
in preparedness for biologic terrorism: a
perspective for critical care nursing. AACN
Clin Issues. Aug 2002;13(3):452-469. Does
not address regionalization.

327.0rient JM. Bioterrorism and public health
law. JAMA. Dec 4 2002;288(21):2686;
author reply 2686-2687. Does not address
regionalization.

328.0sterholm MT. Bioterrorism: media hype or
real potential nightmare? Am J Infect
Control. Dec 1999;27(6):461-462. Does not
address regionalization.

329.0'Toole T, Mair M, Inglesby TV. Shining
light on "Dark Winter". Clin Infect Dis. Apr
1 2002;34(7):972-983. Does not address
regionalization.

330.0utbreak of invasive pneumococcal disease
in a jail--Texas, 1989. MMWR Morb Mortal
Wkly Rep. Nov 3 1989;38(43):733-734.
Does not address regionalization.

331.Pallentino J. Terrorism response resources
for clinicians. Fla Nurse. Dec 2001;49(4):4-
6. Does not address regionalization.

332.Parry J. WHO issues global alert on
respiratory syndrome. BMJ. Mar 22
2003;326(7390):615. Does not address
regionalization.

333.Patrick DM. The race to outpace severe
acute respiratory syndrome (SARS). CMAJ.

159

May 13 2003;168(10):1265-1266. Does not
address regionalization.

334.Pavlin JA, Gilchrist MJ, Osweiler GD,
Woollen NE. Diagnostic analyses of
biological agent-caused syndromes:
laboratory and technical assistance. Emerg
Med Clin North Am. May 2002;20(2):331-
350. Does not address regionalization.

335.Pavlin JA. Epidemiology of bioterrorism.
Emerg Infect Dis. Jul-Aug 1999;5(4):528-
530. Does not address regionalization.

336.Perrotta DM, Ascher MS, Layton M.
Bioterrorism initiatives: public health
support. Am J Public Health. Aug
2000;90(8):1327-1328. Does not address
regionalization.

337.Persell DJ, Arangie P, Young C, et al.
Preparing for bioterrorism: category A
agents. Nurse Pract. Dec 2001;26(12):12-
15, 19-24, 27; quiz 28-19. Does not address
regionalization.

338.Pesik N, Keim M, Sampson TR. Do US
emergency medicine residency programs
provide adequate training for bioterrorism?
Ann Emerg Med. Aug 1999;34(2):173-176.
Does not address regionalization.

339.Pesik N, Keim ME, Iserson KV. Terrorism
and the ethics of emergency medical care.
Ann Emerg Med. Jun 2001;37(6):642-646.
Does not address regionalization.

340.Peterson LR, Hamilton JD, Baron EJ, et al.
Role of clinical microbiology laboratories in
the management and control of infectious
diseases and the delivery of health care. Clin
Infect Dis. Feb 15 2001;32(4):605-611.
Does not address regionalization.

341.Petsko GA. Winter, plague and pestilence.
Genome Biol. 2001;2(11). Opinion or
editorial.

342.Pile JC, Longworth DL. Bioterrorism: what
practicing physicians can do. Cleve Clin J
Med. Dec 2001;68(12):998, 1000. Does not
address regionalization.

343.Piotrowski J. Diplomatic immunity.
Smallpox safeguard for healthcare workers
plagued by logistical issues. Mod Healthc.



Jul 29 2002;32(30):32-33. Does not address
regionalization.

344.Piotrowski J. Smallpox, big worries.
Preparing medical-response teams is easier
said than done, according to healthcare
providers across the nation. Mod Healthc.
Jan 6 2003;33(1):6-7, 12-13, 11. Does not
address regionalization.

345.Poe BM. Expanding disaster preparedness to
include bioterrorism. Am J Health Syst
Pharm. May 15 2002;59(10):926-927. Does
not address regionalization.

346.Poland S. Key players in crisis planning,
response, and prevention. Nasnewsletter. Jan
2003;18(1):25-26. Does not address
regionalization.

347.Polgreen PM, Helms C. Vaccines, biological
warfare, and bioterrorism. Prim Care. Dec
2001;28(4):807-821, vii. Does not address
regionalization.

348.Polyak CS, Macy JT, Irizarry-De La Cruz
M, et al. Bioterrorism-related anthrax:
international response by the Centers for
Disease Control and Prevention. Emerg
Infect Dis. Oct 2002;8(10):1056-1059. Does
not address regionalization.

349.Poupard JA, Miller LA. Biological Warfare.
Encyclopedia of Microbiology. Vol 1. 2nd
ed: Academic Press; 2000. Does not address
regionalization.

350.Powers MJ. Deterring Terrorism with
CBRN Weapons: Developing a Conceptual
Framework: CBACI; February 2001. Does
not address regionalization.

351.Preparing the Nation: A Policy Summit on
Bioterrorism. Paper presented at: Preparing
the Nation: A Policy Summit on
Bioterrorism, 2003; Washington, D.C. Does
not address regionalization.

352.President Details Project BioShield.
Available at:
http://www.whitehouse.gov/news/releases/2
003/02/20030203.html. Accessed March 12,
2003. Does not address regionalization.

160

353.bioterrorism: the role of Fort Detrick since
1970. WMJ. 2002;101(2):20-24. Does not
address regionalization.

354.Program in Brief: State and Local
Infrastructure. Centers for Disease Control
and Prevention. Available at;
http://bt.cdc.gov, 2003. Does not address
regionalization.

355.Public Health Threats and Emergencies Act
of 2000. Frist B, Kennedy E, trans. 106th
Congress, Second session ed; 2000. Does
not address regionalization.

356.Radetsky MS, Istre GR, Johansen TL, et al.
Multiply resistant pneumococcus causing
meningitis: its epidemiology within a day-
care centre. Lancet. Oct 10
1981;2(8250):771-773. Does not address
regionalization.

357.Rapid health needs assessment following
hurricane Andrew--Florida and Louisiana,
1992. MMWR Morb Mortal Wkly Rep. Sep
18 1992;41(37):685-688. Does not address
regionalization.

358.Ratzan SC. Real risks: the need for health
leadership and security. J Health Commun.
Oct-Dec 2001;6(4):295-296. Does not
address regionalization.

359.Rawlings M. From 'ground zero'. Health
Facil Manage. Dec 2001;14(12):18-21.
Does not address regionalization.

360.Ready T. Bioterrorism threat becomes
reality. Nat Med. Nov 2001;7(11):1167.
Does not address regionalization.

361.Reardon TF. EMS and disaster planning for
the Winter Olympics. Emerg Med Serv.
Nov-Dec 1979;8(6):88-90, 92, 199. Does
not address regionalization.

362.Red Cross: Field Delegations. International
Federation of Red Cross and Red Crescent
Societies. Accessed November 12, 2002.
Does not address regionalization.

363.Reissman S. EMS at the Democratic
National Convention. J Emerg Med Serv
JEMS. Nov 1993;18(11):58-59. Does not
address regionalization.



364.Revel JP. Meeting psychological needs after
Chernobyl: the Red Cross experience. Mil
Med. 2001;166(12 Suppl):19-20. Does not
address regionalization.

365.Revised environment of care standards for
the Comprehensive Accreditation Manual
for Hospitals (CAMH). Jt Comm Perspect.
2001;21(12):suppl 2 p. following 20. Does
not address regionalization.

366.Rice SK, Heinl RE, Thornton LL, Opal SM.
Clinical characteristics, management
strategies, and cost implications of a
statewide outbreak of enterovirus
meningitis. Clin Infect Dis. Apr
1995;20(4):931-937. Does not address
regionalization.

367.Richards CF, Burstein JL, Waeckerle JF,
Hutson HR. Emergency physicians and
biological terrorism. Ann Emerg Med. Aug
1999;34(2):183-190. Does not address
regionalization.

368.Richards EP. Collaboration between public
health and law enforcement: the
constitutional challenge. Emerg Infect Dis.
Oct 2002;8(10):1157-1159. Does not
address regionalization.

369.Richmond C. The plain lawyer's guide to
bioterrorism. Med Leg J. 2001;69(Pt 4):182-
183. Does not address regionalization.

370.Richmond JY, Nesby-O'Dell S. Biosecurity
for animal facilities and associated
laboratories. Lab Anim (NY). Jan
2003;32(1):32-35. Does not address
regionalization.

371.Risk for meningococcal disease associated
with the Hajj 2001. MMWR Morb Mortal
WKkly Rep. Feb 16 2001;50(6):97-98. Does
not address regionalization.

372.Roffey R, Lantorp K, Tegnell A, Elgh F.
Biological weapons and bioterrorism
preparedness: importance of public-health
awareness and international cooperation.
Clin Microbiol Infect. Aug 2002;8(8):522-
528. Does not address regionalization.

373.Roffey R, Tegnell A, Elgh F. Biological
warfare in a historical perspective. Clin

161

Microbiol Infect. Aug 2002;8(8):450-454.
Does not address regionalization.

374.Rogers FJ, Apsey D, Kantor K, Hann E,
Dienst S. Medical preparedness: Chernobyl
as a model for southeastern Michigan.
JAMA. Aug 7 1987;258(5):609. Does not
address regionalization.

375.Rose JB. Environmental ecology of
Cryptosporidium and public health
implications. Annu Rev Public Health.
1997;18:135-161. Does not address
regionalization.

376.Rose MA, Larrimore KL. Knowledge and
awareness concerning chemical and
biological terrorism: continuing education
implications. J Contin Educ Nurs. Nov-Dec
2002;33(6):253-258. Does not address
regionalization.

377.Rosenfield A, Morse SS, Yanda K.
September 11: the response and role of
public health. Am J Public Health. Jan
2002;92(1):10-11. Does not address
regionalization.

378.Rosenfield RL, Bernardo LM. Pediatric
implications in bioterrorism, part I1:
postexposure diagnosis and treatment. Int J
Trauma Nurs. Oct-Dec 2001;7(4):133-136.
Does not address regionalization.

379.Rosenthal TC. Rural bioterrorism: are we
exempt? J Rural Health. Winter
2003;19(1):5-6. Does not address
regionalization.

380.Rosling L, Rosling M. Pneumonia causes
panic in Guangdong province. BMJ. Feb 22
2003;326(7386):416. Does not address
regionalization.

381.Ryan JM, Sibson J, Howell G. Assessing
injury severity during general war. Will the
Military Triage system meet future needs? J
R Army Med Corps. Feb 1990;136(1):27-35.
Does not address regionalization.

382.Saathoff G, Everly GS, Jr. Psychological
challenges of bioterror: containing
contagion. Int J Emerg Ment Health. Fall
2002;4(4):245-252. Does not address
regionalization.



383.Sachs EM. The bubonic man. Lessons from
a bioterrorism incident. Emerg Med Serv.
Aug 2000;29(8):43-44. Does not address
regionalization.

384.Samadani AM. A physician's notes for
community education in bioterrorism. WMJ.
2002;101(2):10-11, 36. Opinion or editorial.

385.Scharoun K, van Caulil K, Liberman A.
Bioterrorism vs. health security--crafting a
plan of preparedness. Health Care Manag.
Sep 2002;21(1):74-92. Does not address
regionalization.

386.Senate HELP Committee Approves Bush's
Project Bioshield, But Not Compensation
Method for Smallpox Vaccine. Kaiser Daily
Health Policy Report. March 20, 2003. Does
not address regionalization.

387.Sepkowitz KA. Anthrax and anthrax
anxiety: Sverdlovsk revisited. Int J Infect
Dis. 2001;5(4):178-179. Does not address
regionalization.

388.Shadel BN, Clements B, Arndt B, Rebmann
T, Evans RG. What we need to know about
bioterrorism preparedness: results from
focus groups conducted at APIC 2000. Am J
Infect Control. Dec 2001;29(6):347-351.
Does not address regionalization.

389.Shah ND, Vermeulen LC, Santell JP,
Hunkler RJ, Hontz K. Projecting future drug
expenditures--2002. Am J Health Syst
Pharm. Jan 15 2002;59(2):131-142. Does
not address regionalization.

390.Shahi SK, Ranga S, Gupta P. Bioterrorism.
Indian J Pathol Microbiol. Oct
2001;44(4):391-392. Does not address
regionalization.

391.Shalala DE. Bioterrorism: how prepared are
we? Emerg Infect Dis. Jul-Aug
1999;5(4):492-493. Opinion or editorial.

392.Shannon M, Burstein J, Mandl K, Fleisher
G. Usage of a web-based decision support
tool for bioterrorism detection. Am J Emerg
Med. Jul 2002;20(4):384-385. Does not
address regionalization.

393.Shapira SC, Shemer J, Oren M. Hospital
management of a bioterror event. Isr Med

162

Assoc J. Jul 2002;4(7):493-494. Does not
address regionalization.

394.Shapiro DS, Schwartz DR. Exposure of
laboratory workers to Francisella tularensis
despite a bioterrorism procedure. J Clin
Microbiol. Jun 2002;40(6):2278-2281. Does
not address regionalization.

395.Sharp TW, Brennan RJ, Keim M, Williams
RJ, Eitzen E, Lillibridge S. Medical
preparedness for a terrorist incident
involving chemical or biological agents
during the 1996 Atlanta Olympic Games.
Ann Emerg Med. Aug 1998;32(2):214-223.
Does not address regionalization.

396.Sheaffer SL, Manasse HR. The new realities
of practice in a post-9/11 world. Am J
Health Syst Pharm. Aug 15
2002;59(16):1553-1558. Does not address
regionalization.

397.Shepard CW, Soriano-Gabarro M, Zell ER,
et al. Antimicrobial postexposure
prophylaxis for anthrax: adverse events and
adherence. Emerg Infect Dis. Oct
2002;8(10):1124-1132. Does not address
regionalization.

398.Sheppa CM, Stevens J, Philbrick JT, Canada
M. The effect of a class IV hurricane on
emergency department operations. Am J
Emerg Med. Sep 1993;11(5):464-467. Does
not address regionalization.

399.Sherman FT. Old biological threats.
Geriatrics. Dec 2001;56(12):11. Does not
address regionalization.

400.Sidel VW, Cohen HW, Gould RM. Good
intentions and the road to bioterrorism
preparedness. Am J Public Health. May
2001;91(5):716-718. Does not address
regionalization.

401.Siegelson HJ. Preparing for terrorism and
hazardous material exposures. Health
Forum J. Jan-Feb 2001;44(1):32-35. Does
not address regionalization.

402.Siegrist DW. Advanced Technology to
Counter Biological Terrorism. Holon, Israel:
Potomac Institute for Policy Studies; March
18, 1998. Does not address regionalization.



403.Silber SH, Oster N, Simmons B, Garrett C.
Y2K medical disaster preparedness in New
York City: confidence of emergency
department directors in their ability to
respond. Prehospital Disaster Med. Apr-Jun
2001;16(2):88-94; discussion 94-85. Does
not address regionalization.

404.Silvagni AJ, Levy LA, McFee RB.
Educating health professionals, first
responders, and the community about
bioterrorism and weapons of mass
destruction. J Am Osteopath Assoc. Sep
2002;102(9):491-499. Does not address
regionalization.

405.Silver RC, Holman EA, Mclintosh DN,
Poulin M, Gil-Rivas V. Nationwide
longitudinal study of psychological
responses to September 11. JAMA. Sep 11
2002;288(10):1235-1244. Does not address
regionalization.

406.Silverman MA, Weston M, Llorente M,
Beber C, Tam R. Lessons learned from
Hurricane Andrew: recommendations for
care of the elderly in long-term care
facilities. South Med J. Jun 1995;88(6):603-
608. Does not address regionalization.

407.Silverston PP. Development of an
emergency services system--the Israeli
example. Injury. Nov 1979;11(2):99-100.
Does not address regionalization.

408.Siwicki B. Hospitals, chapters weather
Hurricane Andrew. Healthc Financ Manage.
Nov 1992;46(11):72, 74. Does not address
regionalization.

409.Smallpox Emergency Personnel Protection
Act of 2003; 2003. Does not address
regionalization.

410.Smallpox vaccine. Pediatrics. Oct
2002;110(4):841-845. Does not address
regionalization.

411.Smith EL. Highlights from the annual
scientific assembly: weapons of mass
destruction: organized medicine's role in the
national response to terrorism. South Med J.
Dec 2001;94(12):1223-1229. Does not
address regionalization.

163

412.Sobel J, Khan AS, Swerdlow DL. Threat of
a biological terrorist attack on the US food
supply: the CDC perspective. Lancet. Mar 9
2002;359(9309):874-880. Does not address
regionalization.

413.Socher MM. NBC Delta: special training
beyond HAZMAT in the USA.
Resuscitation. Oct 1999;42(2):151-153.
Does not address regionalization.

414.SoRelle R. Physicians, nurses, paramedics,
medics, and hospitals respond to tragedies in
New York and DC. Circulation. Sep 25
2001;104(13):E9030. Does not address
regionalization.

415.Southwick GJ, Pethick AJ, Thalayasingam
P, Vijayasekaran VS, Hogg JJ. Australian
doctors in Bali: the initial medical response
to the Bali bombing. Med J Aust. Dec 2-16
2002;177(11-12):624-626. Does not address
regionalization.

416.Spectre of the Bhopal disaster. Am J Public
Health. 1987;77(7):878-879. Does not
address regionalization.

417.Spencer RC, Lightfoot NF. Preparedness
and response to bioterrorism. J Infect. Aug
2001;43(2):104-110. Does not address
regionalization.

418.Srivatsa LP. The Bhopal tragedy. J Toxicol
Clin Exp. 1987;7(1):47-49. Does not address
regionalization.

419.Stamm BH. Terrorism risks in rural and
frontier America. Their importance to the
successful functioning of urban America
makes rural and frontier areas ripe targets
for terrorism. IEEE Eng Med Biol Mag. Sep-
Oct 2002;21(5):100-111. Does not address
regionalization.

420.Stamp GL. Hurricane Andrew: the
importance of coordinated response. J Am
Vet Med Assoc. Oct 1 1993;203(7):989-992.
Does not address regionalization.

421.Steinhauer R, Bauer J. The emergency
management plan. RN. Jun 2002;65(6):40-
46. Does not address regionalization.

422.Stephenson J. Smallpox vaccine program
launched amid concerns raised by expert



panel, unions. JAMA. Feb 12
2003;289(6):685-686. Does not address
regionalization.

423.Sumaya CV, Corman LI. Enteroviral
meningitis in early infancy: significance in
community outbreaks. Pediatr Infect Dis.
May-Jun 1982;1(3):151-154. Does not
address regionalization.

424.Summary of the executive session on
emergency preparedness and the
pharmaceutical supply chain. Am J Health
Syst Pharm. Feb 1 2002;59(3):247-253.
Does not address regionalization.

425.Taha MK, Achtman M, Alonso JM, et al.
Serogroup W135 meningococcal disease in
Hajj pilgrims. Lancet. Dec 23-30
2000;356(9248):2159. Does not address
regionalization.

426.Teeter DS. Bioterrorism preparedness:
answers for the health-system pharmacist.
Am J Health Syst Pharm. May 15
2002;59(10):928-930. Does not address
regionalization.

427.Temte J. Response to bioterrorism.
Screening for agents of bioterrorism
increases terror. BMJ. Feb 9
2002;324(7333):363. Does not address
regionalization.

428.Thal ER, Riggs LM, Jr. Community
planning for medical support of a national
political convention. J Trauma. Jun
1988;28(6):799-803. Does not address
regionalization.

429.Tharratt RS, Case JT, Hird DW. Perceptions
of state public health officers and state
veterinarians regarding risks of bioterrorism
in the United States. J Am Vet Med Assoc.
Jun 15 2002;220(12):1782-1787. Does not
address regionalization.

430.The Global Infectious Disease Threat and
Its Implications for the United States:
Central Intelligence Agency; January 2000.
Does not address regionalization.

431.The public health implications of the Bhopal
disaster. Report to the Program
Development Board, American Public
Health Association. Bhopal Working Group.

164

Am J Public Health. 1987;77(2):230-236.
Does not describe bioterrorism-relevant
response task.

432.Thompson TG. Service in the front lines for
America. Hosp Outlook. Nov-Dec
2001;4(8):7. Does not address
regionalization.

433.Tieman J. Hospitals review plans in wake of
latest threats. Mod Healthc. Nov 18
2002;32(46):10-11. Does not address
regionalization.

434.Totenhofer RI, Kierce M. It's a disaster:
emergency departments' preparation for a
chemical incident or disaster. Accid Emerg
Nurs. Jul 1999;7(3):141-147. Does not
address regionalization.

435.Traynor K. CDC has anthrax, smallpox
vaccination guidelines available. Am J
Health Syst Pharm. Nov 1
2001;58(21):2008, 2011. Does not address
regionalization.

436.Treadwell TA, Koo D, Kuker K, Khan AS.
Epidemiologic clues to bioterrorism. Public
Health Rep. Mar-Apr 2003;118(2):92-98.
Does not address regionalization.

437.Trotter G. Of terrorism and healthcare:
jolting the old habits. Camb Q Healthc
Ethics. Fall 2002;11(4):411-414. Does not
address regionalization.

438.Trumpp CE, Karasic R. Management of
communicable diseases in day care centers.
Pediatr Ann. Mar 1983;12(3):219-229. Does
not address regionalization.

439.Tucker JB. Chemical/Biological Terrorism:
Coping with a New Threat. Politics and the
Life Sciences. September 1996. Does not
address regionalization.

440.Turnbull PC. Current status of immunization
against anthrax: old vaccines may be here to
stay for a while. Curr Opin Infect Dis. Apr
2000;13(2):113-120. Does not address
regionalization.

441.U.S. Fire Administration. Federal
Emergency Management Agency. Available
at: www.usfa.fema.gov. Accessed August 7,
2002. Does not address regionalization.



442.United States Better Prepared Now to Deal
with Bioterrorist Attacks, But Improvement
Still Needed, Experts Say. Henry J. Kaiser
Family Foundation. March 25. Available at:
www.kaisernetwork.org. Accessed March
25,, 2003. Does not address regionalization.

443.Update: assessment of risk for
meningococcal disease associated with the
Hajj 2001. MMWR Morb Mortal Wkly Rep.
Mar 30 2001;50(12):221-222. Does not
address regionalization.

444.Update: Investigation of bioterrorism-related
anthrax and adverse events from
antimicrobial prophylaxis. MMWR Morb
Mortal Wkly Rep. Nov 9 2001;50(44):973-
976. Does not address regionalization.

445.Update: Investigation of bioterrorism-related
anthrax and interim guidelines for clinical
evaluation of persons with possible anthrax.
MMWR Morb Mortal Wkly Rep. Nov 2
2001;50(43):941-948. Does not address
regionalization.

446.Update: Investigation of bioterrorism-related
anthrax and interim guidelines for exposure
management and antimicrobial therapy,
October 2001. MMWR Morb Mortal Wkly
Rep. Oct 26 2001;50(42):909-919. Does not
address regionalization.

447 .Update: Investigation of bioterrorism-related
anthrax, 2001. MMWR Morb Mortal Wkly
Rep. Nov 16 2001;50(45):1008-1010. Does
not address regionalization.

448.Update: Investigation of bioterrorism-related
anthrax--Connecticut, 2001. MMWR Morb
Mortal Wkly Rep. Dec 7 2001;50(48):1077-
1079. Does not address regionalization.

449.Update: investigation of bioterrorism-related
inhalational anthrax--Connecticut, 2001.
MMWR Morb Mortal Wkly Rep. Nov 30
2001;50(47):1049-1051. Does not address
regionalization.

450.Updated recommendations for antimicrobial
prophylaxis among asymptomatic pregnant
women after exposure to Bacillus anthracis.
MMWR Morb Mortal Wkly Rep. Nov 2
2001;50(43):960. Does not address
regionalization.

165

451.Van Koevering M. Congress approves
bioterrorism bill. Healthplan. Jul-Aug
2002;43(4):8-10, 12. Does not address
regionalization.

452.Varkey P, Poland GA, Cockerill FR, Smith
TF, Hagen PT. Confronting bioterrorism;
physicians on the front line. Mayo Clin
Proc. Jul 2002;77(7):661-672. Does not
address regionalization.

453.Venkatesh S, Memish ZA. Bioterrorism--a
new challenge for public health. Int J
Antimicrob Agents. Feb 2003;21(2):200-
206. Does not address regionalization.

454.Vlahov D, Galea S, Frankel D. New York
City, 2001: reaction and response. J Urban
Health. Mar 2002;79(1):2-5. Does not
address regionalization.

455.Waeckerle JF, Lillibridge SR, Burkle FM,
Jr., Noji EK. Disaster medicine: challenges
for today. Ann Emerg Med. Apr
1994;23(4):715-718. Does not address
regionalization.

456.Waeckerle JF, Seamans S, Whiteside M, et
al. Executive summary: developing
objectives, content, and competencies for
the training of emergency medical
technicians, emergency physicians, and
emergency nurses to care for casualties
resulting from nuclear, biological, or
chemical incidents. Ann Emerg Med. Jun
2001;37(6):587-601. Does not address
regionalization.

457.Wagner MM. The space race and
biodefense: lessons from NASA about big
science and the role of medical informatics.
J Am Med Inform Assoc. Mar-Apr
2002;9(2):120-122. Does not address
regionalization.

458.Wain HJ, Grammer GG, Stasinos JJ, Miller
CM. Meeting the patients where they are:
consultation-liaison response to trauma
victims of the Pentagon attack. Mil Med.
Sep 2002;167(9 Suppl):19-21. Does not
address regionalization.

459.Walsh M. Smallpox: the disease and
strategies for its control. Nurs Times. Dec
17-2003 Jan 6 2002;98(51):26-27. Does not
address regionalization.



460.Wardrope J, Ryan F, Clark G, Venables G,
Crosby AC, Redgrave P. The Hillsborough
tragedy. BMJ. Nov 30
1991;303(6814):1381-1385. Does not
address regionalization.

461.Web survey. October results: are we
prepared? Mod Healthc. Dec 3
2001;31(49):33. Does not address
regionalization.

462.Weill H. Disaster at Bhopal: the accident,
early findings and respiratory health outlook
in those injured. Bull Eur Physiopathol
Respir. 1987;23(6):587-590. Does not

describe bioterrorism-relevant response task.

463.Weir E. Anthrax: of bison and bioterrorism.
CMAJ. Sep 5 2000;163(5):608. Opinion or
editorial.

464.Weir E. Anthrax: walking the fine line
between precaution and panic. CMAJ. Nov
27 2001;165(11):1528. Opinion or editorial.

465.What the survey process expects of your
organization. Jt Comm Perspect. Dec
2001;21(12):6-7. Does not address
regionalization.

466.White DE. A terrorism response plan for
hospital security and safety officers. J
Healthc Prot Manage. Winter
2002;18(1):15-23. Does not address
regionalization.

467.White SR, Henretig FM, Dukes RG.
Medical management of vulnerable
populations and co-morbid conditions of
victims of bioterrorism. Emerg Med Clin
North Am. May 2002;20(2):365-392, xi.
Does not address regionalization.

468.Who We Are: History of Blood Banking.
America's Blood Centers. Available at:
http://www.americasblood.org/index.cfm?fu
seaction=display.showpage&pagelD=30.
Accessed January 15, 2003. Does not
address regionalization.

469.Williams B. Bioterrorism: are we prepared?
Tenn Med. Nov 2001;94(11):413-417. Does
not address regionalization.

470.Williams CL, Lee AC, Curran AS.
Prevention of meningitis in a day-care
center: management of an outbreak of

166

Haemophilus influenzae type b. Prev Med.
Mar 1987;16(2):261-268. Does not address
regionalization.

471.Williams JL, Noviello SS, Griffith KS, et al.
Anthrax postexposure prophylaxis in postal
workers, Connecticut, 2001. Emerg Infect
Dis. Oct 2002;8(10):1133-1137. Does not
address regionalization.

472.Wyatt HW. The role and responsibility of
the media in the event of a bioterrorist act. J
Public Health Manag Pract. Jul
2000;6(4):63-67. Does not address
regionalization.

473.Wyss K, Lorenz N. Decentralization and
central and regional coordination of health
services: the case of Switzerland. Int J
Health Plann Manage. 2000;15(2):103-114.
Does not describe bioterrorism-relevant
response task.

474.Yang W. Severe acute respiratory syndrome
(SARS): infection control. Lancet. Apr 19
2003;361(9366):1386-1387. Does not
address regionalization.

475.Young D. Experience with disaster yields
lessons in preparedness. Am J Health Syst
Pharm. Oct 1 2002;59(19):1812, 1814-1816.
Does not address regionalizaiton.

476.Zimbardo PG. The Political Psychology of
Terrorist Alarms. Stanford, CA: Stanford
University; March 3 2003. Does not address
regionalization.

477.Zipes DP. President's page: fighting
terrorism: our role as physicians. J Am Coll
Cardiol. Feb 20 2002;39(4):739-740.
Opinion or editorial.



Appendix A: Expert Advisors and Peer Reviewers

Expert advisors

Michael S. Ascher, M.D., F.A.C.P.
Senior Medical Advisor, Biodefense Division, Biology and Biotechnology Research Program
Lawrence Livermore National Laboratory

Sumner Lee Bossler Jr., R.N., B.S.N., C.E.N.
Project Officer, Bioterrorism Hospital Preparedness Program
Health Resources Services Administration

Sara Cody, M.D.
Communicable Disease Control Officer and Assistant Health Officer
Santa Clara County Public Health Department

Margaret A. Hamburg, M.D.
Vice President for Biological Programs
Nuclear Threat Initiative

Nathaniel Hupert, M.D., M.P.H.
Assistant Professor of Medicine and Public Health
Weill Medical College, Cornell University

Patrick Kelley, M.D., Dr.P.H.
Director, Board on Global Health
Institute of Medicine, National Academies of Science

Hau Lee, Ph.D.
Professor of Operations, Information, and Technology
Director, Stanford Global Supply Chain Management Forum

Jerod M. Loeb, Ph.D.
Executive Vice President, Division of Research
Joint Commission on Accreditation of Healthcare Organizations

Eric K. Noji, M.D., M.P.H.
Principle Deputy to the U.S. Surgeon General for Homeland Security and Disaster Medicine
U.S. Public Health Service

Michael Osterholm, Ph.D.
Director
Center for Infectious Disease Research and Policy, School of Public Health, University of Minnesota

Richard Owens, Jr.
Vice President, JSI Logistics Services
John Snow, Inc.

Frances Edwards-Winslow, Ph.D.
Director of Emergency Preparedness
City of San Jose




Appendix B: Data Abstraction Form

Reference # Abstractor Name References Cited
[ |Dena Bravata [_INone circled
[_Emilee Wilhelm [_INumbers circled:
[]Other:

Included? [JYes [_]No If no, reason for rejection:

How many systems relevant to bioterrorism does this article describe?

System name:

Purpose of the system:

At what regional level(s) does the system principally operate? [_]Local [IRegional  [JIntegrated

Which of the following are addressed by the system?

Tasks Resources Bioterrorism-Relevant Events
[]Planning/preparedness [ IMaterial [IBioterrorism event (incl. hoaxes)
[IField assessment and triage [ ]Hospital capacity [ IDisaster/WMD drill
[ IDiagnosis [ILaboratory capacity [INatural outbreak
[ |Detection [ INatural disaster
[IManagement [ISurveillance information [ ]Man-made disaster
[ IPrevention []Other information [ ]Terrorism event
[ISurveillance [ISupply chain case study
[]Outbreak investigation [IPersonnel []Other:

[ ]Communication

[]Emergency management []Other:

[ IIncident command

[]other: [ISpecial populations:

Does this article discuss the regionalization of this system? [_|Yes [_INo If yes, please describe:

Which of the following evaluative criteria are relevant to a discussion of the system?

[ INetwork Design [IManagement of Incentives []incident Command
[]inventory Management []Volume-Outcome Associations [IManagement of Information
[]Postponement [ ]Other:

Has the system been evaluated? []Yes [ No If yes, please describe the evaluation and its

outcomes:




Peer-reviewers

Wally Lee
Chief Technology Officer
Fritz Institute

Diane K. Mack
Assistant Director of Homeland Security
State of Indiana

Richard Nolan
Strategic National Stockpile Liaison to the Department of Homeland Security
Strategic National Stockpile, Centers for Disease Control and Prevention

Gianfranco Pezzino, M.D., M.P.H.
Medical Epidemiologist

Ray Strikas, M.D.
Director
Smallpox Preparedness and Response Activity, Centers for Disease Control and Prevention

Margaret Race, Ph.D.
Visiting Fellow
Center for International Security and Cooperation, Stanford University

Lawrence Wein, Ph.D.
Professor of Management Science
Graduate School of Business, Stanford University




	Front Matter
	Citation
	Preface
	Acknowledgements
	Structured Abstract
	Contents

	Summary
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	References and Included Studies
	Listing of Excluded Studies
	Appendixes
	Appendix A
	Appendix B




