Background on the NIH Disaster Research Response (DR2) Program
Epidemiological methods have played a key role in the public health response to disasters including such applied methods as rapid needs assessments, health surveillance and disaster registries.  While the application of epidemiologic principles to disasters by public health practitioners provides actionable information for decision-makers to reduce the immediate and short-term health impact on the affected population, it often does not provide generalizable knowledge necessary to understand, prevent, and reduce the impact of future disasters.  Disaster research is an essential component of the response/recovery framework that can uniquely identify hazards in the post-disaster setting and strategies to prevent them.  The benefits of disaster research are legion and include better characterizing the scope and nature of acute and chronic disaster-related exposures, identifying vulnerable populations, improving responder safety and practice, increasing individual and community resilience, assessing the safety and efficacy of medical countermeasures, and improving health system preparedness, response and recovery for future events.  Yet, there are significant hurdles to initiating disaster research studies, particularly those studies launched in the immediate aftermath of disasters.  For example, disaster studies must be coordinated and integrated with the existing disaster response framework at a time when the focus of the response agencies is on the preservation of life and property not on studying the impacts for future generations.  Additionally, there are challenges for disaster researchers in quickly deploying to the field due to a myriad of factors including funding, staffing, regulatory hurdles (e.g., IRB and/or OMB reviews) and lack of access to easily customizable research tools such as data collection instruments and research protocols.   In response to these challenges, the National Institutes of Health (NIH) initiated a program in September 2013 that serves as a national model for disaster research programs. 
The NIH Disaster Research Response Program (DR2) began as a pilot project sponsored by the National Institute of Environmental Health Sciences (NIEHS) and the National Library of Medicine (NLM).  Based on the gaps in, and challenges to, the conduct of disaster research described above, DR2 focuses on six key objectives to enable more timely disaster research while also facilitating a broader discussion to advance our national disaster research capabilities. The key objectives include: (1) timely identification of important research questions and priorities; (2) improved access to data collection tools for researchers; (3) improved capability of researchers to quickly collect data; (4) trained researchers versed in disaster tools; (5) research processes that include public health, academia, and impacted workers and communities; and (6) integration into preparedness, response, and recovery systems.
1. Rapid identification of important research questions and priorities
NIEHS has worked in partnership with HHS and others to develop new models for identifying data gaps and research priorities such as providing support for workshops hosted by the National Academies of Sciences, Engineering, and Medicine to discuss health issues related to the Deepwater Horizon Oil Spill and the Zika outbreak.  
· Human Health Effects of the Gulf of Mexico Oil Spill Workshop Report (2010)   
· Research Priorities to Inform Public Health for Domestic Zika Virus (2016) 
NIEHS also hosted a national disaster research workshop jointly sponsored by the Institute of Medicine (now known as the National Academies), CDC, and DHHS/ASPR that investigated broader issues of research priorities and operations after disasters to overcome longstanding challenges.   
Enabling Rapid and Sustainable Public Health Research during Disasters (2014)
2. Improved access to data collection tools for researchers 
One of the key principles of DR2 is to empower state and local responders to conduct and sustain research efforts within their jurisdiction, especially in those disasters that do not require federal involvement. This approach is exemplified by the creation of a publicly accessible repository of data collection tools and research protocols, as well as other information to support disaster research, hosted by the NLM on an evolving NIH DR2 website that was initiated in January 2015. This information is intended to help researchers from any community to rapidly obtain various data collection tools that have been used previously in research efforts. Researchers can use or modify these instruments in accordance with their needs.
The development of the DR2 repository was initiated by a literature search of over 10,000 peer-reviewed articles and numerous websites to identify questionnaires, surveys, and other instruments used to support disaster research. The review process revealed tools that were acceptable for inclusion into the DR2 repository. Specific metadata were then generated for each of the data collection tools, using various descriptive fields for the information, to help standardize and improve the selection of an appropriate tool by the research community. Additionally, filters were created to allow the refinement of search results to facilitate easy identification of these tools. Currently, the NIH DR2 website hosts data collection instruments used to measure post-disaster impacts in eight research categories including: environmental exposures, lifestyle and quality of life, mental health and cognitive function, occupational health, preparedness, social support and resiliency, specific body systems, and disaster-specific health concerns. Since the disaster research landscape is ever changing, new tools (or links to copyrighted tools) are periodically being added to the repository as they become available. To date, the DR2 website hosts approximately 350 tools.
· Direct link to the NIEHS/NLM DR2 tools repository
3. Improved capability to quickly collect data - Rapid acquisition of pre-and post-incident disaster data (RAPIDD)
A scalable research protocol, called “Rapid Acquisition of Pre-and Post-Incident Disaster Data” (RAPIDD), was developed by NIEHS to facilitate the collection of epidemiologic information, laboratory test results, and the collection and storage of human biospecimens. RAPIDD was based, in-part, on the NIEHS GuLF STUDY protocol used for environmental health research of over 32,000 disaster clean-up workers who responded to the 2010 Deepwater Horizon Oil Spill. Prior to release, the RAPIDD protocol underwent peer and scientific review and was submitted to the NIEHS IRB for approval. The peer-review process consisted of discussions, and one training exercise, with various stakeholders including academic researchers, public health, emergency management, and first responders. After reviewing the protocol, exercise participants were asked to comment on incentives and barriers for participating in the protocol, the informed consent process, and the ease of use of the protocol. All feedback was incorporated into the protocol, and it was submitted to the NIEHS IRB, which provisionally approved the RAPIDD protocol in May 2015 for use in post-disaster settings.
Final approval of RAPIDD will be based on an expedited amendment, initiated after a disaster of research interest, which includes clarification of the disaster type, target sample size, exposures and potential health effects of interest, specific questionnaires, and procedures that will be implemented. 
Additionally, the DR2 team is providing ongoing technical assistance to extramural researchers, and other partners, interested in developing their own protocols or implementing a research response to local disasters. For instance, during recent hurricanes (Hurricane Harvey, Irma and Maria), flooding, oil and gas releases, water contamination incidents and factory fires, DR2 team members helped academic and public health researchers obtain access to relevant questionnaires and tools, provided guidance on using the RAPIDD protocol, and assisted with IRB-related matters. The DR2 team now tracks all requests for assistance, support provided, and final disposition of the request to help guide further improvements. 
4. Training a network of researchers for disaster research
Training a network of environmental health researchers that can effectively and safely contribute to post-disaster research efforts has been a cross-cutting imperative of the DR2 program. Central to this effort has been the execution of one-day tabletop exercises involving over 300 participants in three locations (Los Angeles, Houston, and Boston) that used scenarios based on local hazards and vulnerabilities.  A fourth exercise, which will be novel in that it will test both public health and health care system research preparedness and response, is planned for September 2018 in Tucson, AZ.  In each of these exercises, local public health, emergency responders and management, health care, community organizations, industry, and academic organizations were asked to participate in the planning process. Prior to each exercise, DR2 team members met with local area representatives to develop exercise objectives, conduct site visits to the “affected” areas, and discussed key issues in the exercise scenario. There was an average of 90 exercise participants per exercise representing state, local, and federal partners from, public health, emergency management, public safety, academic centers, private industry, and community activists. Each exercise underwent an evaluation of its effectiveness in raising awareness of the need for disaster research. The exercises demonstrated the need for all stakeholders to collaborate before an event, as many of the potential disaster research responders had not met prior to the exercises. DR2 exercises also highlighted the importance of research efforts supporting public health practice and disaster response and recovery efforts.  Additionally, a follow-up evaluation of all three exercises was conducted in 2017 to determine what types of downstream effects, behavioral changes, and activities occurred as a result of each of the exercises individually and collectively.  The DR2 team was pleased to learn that a number of efforts and relationships were spawned as a result of these one-day exercises including the development of DR2 Programs at UTMB, MIT, and the development of IRB approved RAPIDD-type protocols by UTMB and the University of Iowa.    
Furthermore, the health and safety considerations regarding the deployment of researchers to impacted areas also need to be addressed and included in any protocols and response efforts. The DR2 Program has worked to address this issue by making available relevant information on the NIH DR2 website along with links to situation specific NLM resources, as well as actual on-site training materials and guidance through the NIEHS Worker Training Program (WTP) and its national clearinghouse of educational and training information. The WTP quickly produces helpful information and training materials, sometimes in several languages, in response to disaster situations that can be used to help workers and others understand health risks and promote safety.  For example, helpful information was quickly developed and disseminated for the Gulf Oil Spill, Hurricane Sandy, and the Ebola outbreak.  The mental health impact on responders must also be considered in the health and safety considerations. The Worker Training Program has developed a behavioral health resiliency curriculum that is available to responders who can assist in preparation for deployment. Mental health considerations are an essential component to any deployment curriculum.
· NIEHS Disaster Research Response Tabletop Exercise Assessment 
· NIEHS Researcher Deployment Guide 
· NIEHS Worker Training Program
· National Clearinghouse for Worker Safety and Health Training
5. Creating research plans and processes that assist emergency response and appropriately include public health,   academic partners as well as community groups and other relevant stakeholders
Communities may be wary of research when a disaster occurs, so ensuring that researchers work to assist public health in their various missions is crucial for gaining credibility and acceptance from the affected populations. Public health officials and researchers need to clarify the public’s understanding of the importance of research in assisting emergency responders, medical personnel, and public health departments in their various roles.  The inclusion of the community in planning to research the health consequences of disasters can enhance the full spectrum of response and recovery activities.  More importantly, community input helps prioritize research activities and provides the opportunity for the research to address community concerns.  Local community organizations have a significant role in determining the resilience to a disaster and are essential to developing preparedness plans, response activities, and recovery priorities.  As the DR2 exercises revealed, community advocacy groups are often not consulted or invited to participate in preparedness and response activities, although they may represent the most vulnerable populations.  
To help ensure that the affected community, as well as other stakeholders are included in the DR2 efforts, NIEHS has capitalized on its intramural scientists and extramural academic research centers to establish the Environmental Health Network (EHN).  The EHN is intended to help collectively further the goals of the DR2 program through constructive input on the disaster research agenda, repository development, protocol reviews, training materials, and research operations.  
The DR2 program also spearheaded a forum for the disaster and research communities to discuss ethical issues and concerns around research participant vulnerability and burdens that may be addressed through Institutional Review Board (IRB) review.  In 2015, the NIEHS Office of Human Research Compliance formed a Best Practices Working Group for Special IRB Considerations in the Review of Disaster Related Research.  This multi-disciplinary working group consisted of 60 members from 23 US states who were recruited through a nomination process that sought to assemble a diverse group of stakeholders, including academic researchers; bioethicists; disaster responders; local, state, and federal officials; disaster survivors; community advocates; and IRB/regulatory experts, and officials. The diverse nature of the group reflects the fact that disaster research is often a collaborative venture and the recognition that complex disaster issues cannot be adequately addressed through the lens of a single discipline but requires multidisciplinary expertise. The multi-sector working group was formed with the objective of developing IRB disaster-related research recommendations for the human research protection, IRB/regulatory, and disaster research, and response communities.   The working group met in July 2016 and identified 15 recommendations that are instrumental in preparing IRBs to review protocols related to public health emergencies and disasters.  
· Conducting Science in Disasters: Recommendations from the NIEHS Working Group for Special IRB Considerations in the Review of Disaster Related Research
6. Integrating the DR program into preparedness planning, response and recovery systems from local to federal levels
Integration with existing preparedness and response organizations is essential for the acceptance and success of disaster research.  No function should have precedence over life-saving and worker safety activities.  However, with proper preparations, disaster research can be safely conducted early in the disaster response timeframe.  Emergency managers who coordinate disaster response and recovery activities have a requirement to account for resources being used for every response-related activity.  Likewise, public health officials need to know what health related activities are being performed during the response.  Disaster researchers must understand the safety issues resulting from working in the disaster setting, as well as the established response structure.  All groups share responsibility to prioritize and coordinate activities; manage resources; and to integrate information for decision-making and public communications. In the U.S., the use of the existing response and recovery infrastructure is currently the most effective way of coordinating efforts and sharing information across disciplines and jurisdictions and ensures that communications with community stakeholders are delivered in a timely manner. DR2 program staff have met with the various emergency management groups to inform them of the benefits of conducting research after disasters and educating them on how staff is being trained to operate in the disaster environment. DR2 program staff have also conducted briefings to federal agency partners on an annual basis, keeping them informed of DR2 program progress and has recently opened the discussion with other senior federal agency officials about developing a “national framework for disaster research”, much like the national frameworks for response and recovery. These meetings have been an important venue for the coordination of efforts and the prevention of duplicative efforts.
Brief examples of funded DR2 activities
Coordination of research activities in Texas after hurricanes
As discussed above, NIEHS has been working to develop tools, platforms, and coordination with multiple partners to empower timely research responses to situations.  The response to Hurricane Harvey in 2017 serves as a good example of how these efforts can come together to bear on a situation.  After Hurricane Harvey hit Houston there were a number of concerns identified which included the health and exposure risks to workers and residents living in impacted areas.  In response, NIEHS funded centers and grantees (e.g., UTMB, Baylor, University of Texas-Houston, Rice, Texas A&M) quickly, within days, began forming partnerships with each other, as well as Houston and Harris County Public Health Departments to perform needed investigations.  Local universities were able to leverage longstanding community relationships, pre-existing cohorts in impacted neighborhoods, and prior baseline data of the area to help residents and decision-makers. For example, Texas A&M researchers (an NIEHS funded Superfund Research Center focused on disasters) were able to quickly re-evaluate health and exposures in a Houston neighborhood that they had evaluated in 2016. The research responses by the local universities included use of available surveys and tools available on the NIH DR2 Website to quickly develop new protocols and implement field studies within a few weeks of the storm. Additionally, UTMB partnered with other universities to work together under reliance-agreements using the IRB approved UTMB RAPIDD protocol, as well as collaborating with other NIEHS funded centers and grantees from outside the area.  For example, Oregon State University (OSU) researchers partnered with Baylor (using a pre-an OSU pre-approved protocol) to help collect exposure data as part of an exposure and health study of over 150 impacted community participants.   The local universities also provided needed man-power, expertise, and support to the Houston Health Department to help collect data in areas of concern, such as around schools and play areas, etc.  Lastly, NIEHS helped to coordinate the response with other federal agencies including the National Science Foundation, National Institute of Standards and Technology, Department of Homeland Security, and the CDC to help facilitate ongoing communications, collaborations, and funding support between grantees and centers, federal agencies, and other stakeholders.  
· Texas A&M Study of Residential Contamination in a Houston environmental justice neighborhood before and after Hurricane Harvey
National Toxicology Program (NTP) Studies
In collaboration with DR2, NTP has been making new inroads to applying various toxicology tools and assets to improve its capacity and capability, from rapidly assessing the available toxicology literature, to coordinating the identification of toxicology research issues and gaps, as was done in response to the Deepwater Horizon Oil Spill and the Elk River chemical spill in West Virginia. In the latter example, the NTP conducted a number of short-term studies to provide information relevant to exposures of local residents to 4-methylcyclohexanemethanol for government officials and decision-makers. 
· NTP Studies associated with the Elk River spill in WV







Future directions
The NIEHS DR2 Program will continue to enhance its offering of disaster research tools and cultivate relationships that help to eliminate long-standing barriers to the rapid conduct of disaster science. The DR2 Program has engaged local communities around the United States, as well as new efforts working internationally with foreign governments, including Japan and Canada, that have partnered with NIEHS and are beginning to lay the groundwork for parallel disaster research response (DR2) programs.  As the program evolves, additional harmonization across multiple disciplines will be realized using Common Data Elements (CDE) and standardized databases.  Collaborators in the DR2 Program have a wide breadth of expertise including novel laboratory methodologies, exposure assessment, sensor technology, social science, epidemiology, environmental and occupational health, and community engagement, among others. The diversity of this network enables efficient and integrated collection of information after disasters when environmental conditions and exposures may be poorly understood and will help to quickly characterize the cohorts of interest and the collection of important data. 
It is also anticipated that NIEHS DR2 Program researchers will work with applied public health partners at the local, state, tribal and federal level, as well as community members to share findings from the research efforts.  The intent of this sharing is to enable public health practitioners to learn from the generalizable research findings and begin to identify possible actions that could mitigate and reduce the impacts of future disasters to improve the resilience among populations at risk. The dissemination of disaster research results to those who are most capable of addressing identified risks and hazards is imperative and the NIEHS DR2 Program is in a unique position to improve this data sharing because it has strong links with both the disaster research and public health practice communities. The coordination of Hurricane Harvey research activities described above is an excellent example.  The NIEHS DR2 Program is planning to be proactive in formalizing such interactions between researchers and practitioners through an established forum that will allow a free exchange of ideas and transparency in disaster research practices and goals.  In this way, disaster research delivers a return on investment by improving preparedness and enhancing resilience for future disasters.   
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