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Introduction: Throughout the COVID-19 pandemic, there was an urgent need for the rapid and equitable translation of knowledge and effective treatments to reach vulnerable populations in response to the ever-shifting pandemic environment. The approval of neutralizing monoclonal antibodies (mAbs) for treatment of outpatient COVID-19 resulted in a need to rapidly design dissemination strategies to increase awareness and equitable access for community members and healthcare providers.

Materials and methods: We used the Fit to Context (F2C) Framework for Designing for Dissemination and Sustainability to (a) design products such as messages and materials, and (b) disseminate the products. We leveraged existing partnerships (e.g., community members, health system leaders, Regional Health Connectors, public health agencies, policymakers, and others) for activities including (a) advising on contextual implementation challenges and opportunities; (b) convening a stakeholder advisory panel; (c) rapid feedback on product reach and impact; and (d) serving as potential product adopters and distributors. We used concurrent data collection and co-design with rapid, iterative prototyping. We used real-world data to evaluate impact of D&I strategies on mAb use in Colorado.

Results: Moving through the F2C Framework phases, we assessed mAb implementation and access barriers and facilitators, identified partner priorities, co-designed messages and materials for multiple audiences, and disseminated through audience-specific communication channels. An emphasis on equity led to tailoring materials to communities with lower health literacy, under- and uninsured groups, Spanish-speaking communities, Native American communities, and rural areas. Dissemination messages, materials, and distribution strategies were updated frequently based on emerging data on COVID-19 treatment effectiveness and availability. Real-world data revealed more than 400% increase in both referrals and number of unique referring providers, with the greatest impact on underserved communities. This was accomplished in under 9 months.

Conclusion: The Fit to Context Framework for Designing for Dissemination and Sustainability is a novel process framework that can inform a rapid, iterative dissemination strategy. The COVID-19 pandemic presented an opportunity to learn better ways to speed translation of evidence to practice and enhance equitable access to evidence-based care. The mAb Colorado project demonstrated the importance of having strong community-academic-public health partnerships and leveraging existing capacity to enhance adoption and reach.
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Highlights

• Methods for Designing for Dissemination and Sustainability (D4DS) include context assessment, application of dissemination and implementation theories and frameworks, and participatory co-design.

• This paper describes rapid methods for application of the Fit to Context Framework for D4DS to development of dissemination strategies intended to enhance equitable access to treatment for COVID-19.

• In 9 months, we developed and enacted successful dissemination strategies for outpatient COVID-19 treatment by leveraging existing multi-sector partnerships, mixed methods context assessment based on diffusion of innovation theory, and co-design with advisory panels and community engagement studios.



1 Introduction

From the first clinical reports of the SARS-CoV-2 virus in late 2019 to development of vaccines and therapeutics for prevention and treatment of COVID-19 within the next year, the pace of scientific advancement in response to the COVID-19 pandemic was unprecedented. There was an urgent need for rapid translation of emerging evidence into practice—and thus a role for dissemination and implementation (D&I) science in the pandemic (1). For example, neutralizing monoclonal antibodies (mAbs)—the first effective outpatient therapy for treatment of COVID-19 authorized by the US Food and Drug Administration (2)—became available in November 2020, based on data demonstrating effectiveness in reducing hospitalization and death from COVID-19 (3). Primarily an intravenous treatment, mAbs required a referral from a health care provider and was authorized only for high-risk patients within 10 days of experiencing COVID-19 symptoms. Uptake was slow and less than 5% of available doses were used during the 2020–2021 winter surge (4). Furthermore, there were significant racial/ethnic and geographic disparities in access to mAbs (5). Thus, there was an urgent need for a rapid solution to address low uptake to evidence-based practice and inequitable access to care – which are priority goals and strengths of dissemination and implementation (D&I) science (6).

Four key concepts in D&I were especially relevant to promoting uptake at the health system and provider level and timely, equitable patient access to COVID-19 therapeutics: (a) designing for dissemination and sustainability (7), (b) enhancing the speed of translation to practice (8), (c) attention to the intersection between D&I and health equity (9, 10), and (d) adaptation in response to dynamic context (11, 12). Designing for dissemination and sustainability (“D4DS”) refers to the process of ensuring the products of research align with the needs, characteristics, perspectives, and communication preferences of the intended audience in the setting of expected use (7). D4DS includes the need for dissemination planning, “an active approach of spreading evidence-based interventions to the target audience via determined channels using planned strategies” (13). Planning for active dissemination of evidence is critical, rather than relying on spread through passive diffusion (14). D&I science increasingly attends to health equity and the potential to mitigate disparities by engaging diverse communities and partners at every stage (15, 16).

This paper describes D4DS methods used to rapidly develop, deploy, and evaluate a multi-level dissemination strategy to increase equitable access to mAb treatment for COVID-19 in Colorado. This was a 9-month academic-public partnership project that took place in 2021, hereafter referred to as “mAb Colorado.” We report the methods and results in alignment with the phases of the novel Fit to Context Framework (F2C Framework) for Designing for Dissemination and Sustainability (Figure 1), which was introduced in its current form in 2023 (17). The F2C Framework is a four-phase process framework that integrates well-established dissemination theory (diffusion of innovations theory as applied to health care (18)) and Bauman and colleagues’ 6-step dissemination planning framework (19). The mAb Colorado project was originally conceptualized by the developers of the F2C Framework, in which plans to design a mAb dissemination strategy included four high-level process steps: (1) stakeholder engagement, (2) context and situation analysis, (3) messaging, packaging, and distribution of dissemination and implementation materials, and (4) adaptation and tailoring. The published version of the F2C Framework (17) is based on a designing for dissemination schema first described in a narrative review of the literature published in the Annual Review of Public Health in 2022 (7) and refinements based on our experience with the mAb Colorado project.
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FIGURE 1
 Fit to context (F2C) framework for designing for dissemination and sustainability [Reproduced with permission from Oxford University Press, from the publishers of the Dissemination and Implementation Research in Health, 3rd edition (17)].


We describe methods used to conceptualize, design, disseminate, and evaluate impact of a multi-level dissemination strategy for mAbs for COVID-19, organized according to the phases of the F2C Framework for D4DS (17). The F2C Framework first includes a conceptualization phase, which starts with (a) mixed methods assessment of contextual factors based on diffusion of innovation theory (20) and (b) convening and understanding partner priorities. Notably, there was a need to understand both clinician and community factors pertaining to awareness of evidence and experience with treatment access systems and policies (21–23). This first step in D4DS – understanding context, barriers, and facilitators to evidence translation prior to designing dissemination strategies – can take considerable time for rigorous data collection, analysis, and interpretation. Next, in the F2C design phase, participatory and co-design methods (17) are used to plan a dissemination strategy that align with context identified in the conceptualization phase activities. A multi-level dissemination approach was designed to reach the recipients of treatment (e.g., people with COVID-19), those delivering treatment (e.g., health care providers), and those making policy decisions about treatment cost, distribution, eligibility, and administration (e.g., health systems, public health infrastructure, and leadership). In the F2C dissemination phase, the design phase plans were enacted, and then evaluated in the F2C impact phase. Given the dynamic context of the COVID-19 pandemic, it was also important to iteratively revisit key partners’ perspectives on awareness, access, needs, and local resources and commit to rapid adaptation of D&I strategies. In this paper, we reflect upon the applicability of the F2C Framework phases and usefulness of a range of D4DS methods carried out in a parallel, iterative process for promoting timely, equitable access to mAb treatment. Detailed descriptions of the methods and results for distinct aspects of the project are described elsewhere.



2 Methods


2.1 Ethics approval and consent to participate

This project was reviewed and approved by the Colorado Multiple Institutional Review Board (COMIRB) under protocols #21-2747 and #21-2872. All methods were conducted in accordance with relevant guidelines and regulations.



2.2 Design and overview

The purpose of this project was to conceptualize, design, disseminate, and evaluate impact of a multi-level dissemination strategy for mAbs for COVID-19 in Colorado. We used a variety of D4DS methods (participatory and co-design methods, context analysis, application of D&I frameworks, communication and the arts), as described by Kwan et al. (7). We were continually responsive to changes in context, including COVID-19 epidemiology, mAb treatment agent effectiveness and availability, and federal and state access policies. To speed up the D4DS process for mAb treatment, compared to a standard sequential process, we set an ambitious 9-month timeline (March 2021–December 2021),assembled a large multidisciplinary team funded as a supplement to our institution’s Clinical and Translational Sciences Award (CTSA), and proceeded with the F2C Framework phases in a parallel, iterative manner. Specifically, rather than sequential assessment of barriers and facilitators followed by designing dissemination strategies, we used concurrent data collection and co-design with rapid, iterative prototyping. The research team included expertise in D&I science, participatory research and co-design, health communication, several clinical disciplines, and survey, qualitative, and mixed methods. The research team met at least weekly, with multiple smaller working groups to make progress on discrete tasks and then coming together for integration and synthesis.

We leveraged existing partnerships for both data collection and co-design, relying upon relationships cultivated with community members and organizations over prior years (Figure 2). One essential partnership involved the Regional Health Connectors (RHCs), a locally embedded workforce that aims to improve health in Colorado by connecting health systems with community assets and resources. Organizational partners also included UCHealth (academic health system), Denver Health (safety net health system), Colorado Department of Public Health and Environment (CDPHE; COVID-19 state response agency), local public health agencies (LPHAs), the Trailhead Institute (RHC program support), and the Colorado Health Institute (data and analytics partner). Dissemination strategies were updated frequently as our data emerged and as COVID-19 science and policy evolved, with input from partners. We used real-world data to monitor and evaluate dissemination strategy impact on uptake and use of mAbs in Colorado (24).
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FIGURE 2
 mAb Colorado partners.




2.3 Fit to context framework for D4DS

As shown in Figure 1, the F2C Framework for D4DS (17) is a process framework depicting four research phases (conceptualization-design-dissemination-impact) with an explicit focus on dissemination, sustainability, and equitable impact on health. The F2C Framework was developed following a review of the D4DS literature and builds upon D&I logic models, push-pull-capacity and diffusion theory concepts, and Bauman’s six-step dissemination planning framework (7). In each F2C phase, there are target outcomes and objectives. There are multiple research methods relevant to co-design, evaluation, and iteration at each phase.


2.3.1 F2C conceptualization phase

F2C Conceptualization Phase target outcomes included demonstrating need and demand for an innovative approach to enhancing mAb treatment access, determining capacity for change, evaluating the evidence base, and identifying equity-focused contextual factors (e.g., disproportionate impact of COVID-19 among minoritized racial/ethnic groups, rural communities, those living in long-term care facilities, and unhoused communities). Conceptualization Phase activities began in March 2021 and continued through December 2021 to allow adaptation to dynamic context (i.e., partner capacity and priorities, health equity gaps, COVID-19 public health impact and evidence). Research team activities included convening a stakeholder advisory panel (henceforth, the advisory panel), establishing regular communication with health systems’ and state public health leaders, assessing context related to mAb awareness [i.e., process mapping, health care provider and community member surveys, interviews, focus groups (21–23)]; and reviewing emerging evidence (i.e., data on treatment efficacy; disparities in COVID-19 epidemiological data, existing national mAb dissemination toolkits). Partner activities included (1) advising on contextual implementation challenges and opportunities; (2) identifying advisory panel members; (3) providing data and rapid feedback related to impact; and (4) implementation and/or distribution of products to target audiences. The advisory panel consisted of 25 people (9 community members; 3 clinicians including 1 family medicine, 1 infectious disease, and 1 long-term care provider; 2 state public health agency representatives; 8 RHCs; and 3 representatives of health equity-focused community-based organizations). The advisory panel met virtually once or twice a month for 1 year (April 2021 – April 2022) to inform collection and interpretation of Conceptualization Phase data, discuss dissemination strategy drafts, prioritize health equity issues and solutions, and plan for academic manuscripts.



2.3.2 F2C design phase

F2C Design Phase target outcomes included demonstrating feasibility and acceptability of the mAb dissemination strategies and identifying distribution channels that aligned with how Colorado community members and health care providers receive information. Design Phase activities occurred between May and November 2021, integrating Conceptualization Phase insights as they emerged. The focus was to iteratively design and refine messages and materials, adopt strategies to address health equity gaps, and plan for dissemination to target audiences. Key activities included engaging communities and partners in co-design of dissemination strategies and employing design specialists (i.e., graphic designer, visual illustrator, web designer, video creators, media specialists).

In addition to ongoing engagement with the advisory panel throughout the Design Phase, we used community engagement studios [CE Studios] (25) to co-design the dissemination strategies. CE studios are a well-established method for community engagement that has been applied to multiple aspects of research study design, including dissemination planning (25). CE studios involve 2–3 group discussions with community representatives, convened in partnership with community partner navigators and led by a neutral facilitator. In a CE Studio focused on dissemination planning, after a short expert presentation on the topic of interest (in this case, mAb evidence and availability), the group is then engaged in discussions about how best to disseminate the evidence to their community (i.e., the messaging, packaging, and distribution channels). In between sessions, the research team creates and refines dissemination products (with support from graphic designers). We conducted nine CE Studio sessions with five Colorado communities to design dissemination products with and for the Native American community (2 virtual sessions), the Hispanic/Latinx community (1 in-person session in English and Spanish), rural communities (2 virtual sessions), urban communities (2 virtual sessions), and health care providers (2 virtual sessions). Given concerns about COVID-19 exposure and to facilitate statewide participation, all were conducted virtually except for one CE Studio with the Hispanic/Latinx community, at their request. The communities selected for engagement through CE Studios were informed by the advisory panel health equity priorities.



2.3.3 F2C dissemination phase

F2C Dissemination Phase target outcomes included increased community awareness of mAb availability, provider intention to adopt mAb referral processes, and demonstration of broad and equitable reach to target audiences. Dissemination Phase activities began in late July 2021 as Design Phase products emerged and evolved in response to dynamic context; active dissemination continued through December 2021. The dissemination strategies focused on reaching multiple audiences to increase awareness about mAb treatments. Target audiences were members of the public (especially rural and racial/ethnic minoritized populations), health care providers (primary care, urgent care, and long-term care settings), health system and public health leaders (including COVID-19 testing sites), and state and county policymakers.

The mAb Colorado partners collaborated to enhance capacity for distribution and adoption of mAb messaging and materials. We met regularly with public health leaders to inform dissemination and implementation of equity-enhancing strategies. We contracted with a digital marketing company to run a paid media campaign using materials produced in the Design Phase, including social media advertisements, radio spots, and direct mail. We assessed awareness and reach among intended audiences using multiple methods and data sources, including a distribution tracker, newsletter metrics, and digital analytics. As part of dissemination to health care providers, we conducted multiple virtual presentations with clinical audiences, including ECHO Colorado, an affiliate of Project ECHO (Extension for Community Health Outcomes) - an existing recognized model for rapid dissemination of medical and public health knowledge to health care providers. The ECHO model has been adopted world-wide as a reliable, effective intervention to address gaps in care and education (26, 27). As part of the ECHO webinars, we surveyed participants’ intention to adopt practices related to mAb referrals for outpatient COVID-19 patients using a subset of items from the Conceptualization phase provider survey (22).



2.3.4 F2C impact phase

F2C Impact Phase target outcomes included increased mAb referrals (per Colorado mAb referral system), and health equity outcomes (per COVID-19 hospitalization and mortality data). Impact phase activities began in May 2021 and continued through December 2021. We requested de-identified, aggregate referral data from November 2020 through the end of December 2021 (when data emerged suggesting reduced efficacy for mAbs as the omicron variant became dominant). Data included total number of referrals and total number of unique referring providers at each of the state’s mAb treatment sites each week. Based on the location of each treatment site, we linked these data to publicly available county-level COVID-19 public health surveillance data and social indicators. The COVID-19 data included weekly COVID-19 case rate, death rate per 100,000 population, hospital bed occupancy rate by suspected and confirmed COVID-19 cases, and percent of the population fully vaccinated (overall and by age group). The social indicators included county-level population percentages by race/ethnic group, non-English language speakers, and those living below the poverty level, as well as a Colorado COVID-19 social distancing index (28).

For rapid monitoring, CDPHE provided approximately monthly referral data, starting in March 2021. We mapped the monthly data using Esri geographic information system software (ArcGIS Pro) and used visual inspection to assess changes in numbers of mAb referrals and unique referring providers across the state over time. This allowed us to assess the need for adaptations to dissemination strategies in response to dynamic context, allowing geographically-targeted messaging. The research team met at least weekly to monitor changes in COVID-19 policy, from changes to the mAb EUAs and payer policies to shifts in the dominant variant and corresponding mAb efficacy (29). At the end of the Dissemination Phase, we requested a complete data set (November 2020 thru December 2021) of weekly aggregated referrals and unique referring providers in Colorado. We gathered publicly available data on mAb dose allocations from the US Department of Health & Human Services’ Administration for Strategic Preparedness and Response (ASPR). The weekly referrals and dose allocation data allowed precise evaluation of impact on mAb adoption. For this impact analysis, we created maps showing the number of mAb referrals per 1,000 COVID-19 positive cases per week by county across five discrete time periods distinguishing phases of the pandemic. The mAb Colorado dissemination strategies were broadly launched beginning at the end of July 2021 and continued throughout fall 2021. We created line graphs of total referrals per week and total number of unique referring providers throughout this time. We used a retrospective cohort study design to evaluate changes in weekly mAb referral rates before and after launch.





3 Results


3.1 F2C conceptualization phase outcomes

F2C Conceptualization Phase activities demonstrated a need for both provider- and community-focused mAb dissemination strategies. Results of our mixed methods analysis of community members’ awareness and attitudes towards mAb treatment showed few people had heard of mAbs in summer 2021 but most were willing to consider treatment if recommended by a doctor (23). Participants recommended that dissemination of how to get mAb treatment be shared with “everyone everywhere” through multiple channels tailored to local community systems of influence and communication– and that healthcare providers be prepared to field questions from patients about the treatment. The advisory panel emphasized equity-oriented concerns about costs, especially for those who were uninsured, underinsured (e.g., high deductible plans), and access, especially among rural, undocumented, and unhoused communities. In parallel, results of health care provider surveys and interviews showed existing treatment and referral systems relied upon individual providers, who may see only one or two COVID-19 positive patients per month and may not be aware of evolving mAb EUA criteria and treatment sites (21). This suggested that a centralized resource for mAb referrals may be more appropriate than relying upon individual providers to keep up with the latest evidence and process changes. While primary care and emergency department providers felt it was generally feasible, acceptable, and appropriate to oversee the mAb referral process for their patients, finding an available treatment location was a barrier. Accordingly, there was a need for provider education on mAb evidence, treatment processes, and referral systems, as well as enhanced system capacity for treatment across the state. Engaging larger health systems to expand treatment locations and supporting centralized mAb referral systems were seen as key opportunities for capacity building. Health equity priorities included prioritizing access to and building capacity for treatment in rural communities, Hispanic/Latino communities (including monolingual Spanish speaking communities), Native American communities, and people who were uninsured, underinsured (or had high deductible health plans), undocumented, or unhoused.



3.2 F2C design phase outcomes

As established in the CESs, community-specific messages and materials were created in English and Spanish. We followed https://www.plainlanguage.gov/ guidance on readability. In line with community priorities, we developed messages that (1) emphasized safety and effectiveness of the treatment, (2) provided general cost information (e.g., medications were free; treatment delivery may have a cost for some), and (3) encouraged people to talk to a health care provider to see if the treatment was right for them. Specific cost information and full cost transparency was unattainable and an ongoing barrier to public communication. Based on advisory panel recommendations, design considerations and adaptations were prioritized to reach Native American community audiences, as well as people with immunocompromising conditions. We partnered with a medical illustration company to create a graphic novel and animated video1. Health care and local public health messaging products included a COVID-19 mAb referral checklist, patient eligibility checklist, and an implementation blueprint. An implementation blueprint was designed to support practices in becoming mAb treatment sites and implementing referral processes (30).

The dissemination strategies involved multiple distribution channels, informed by Conceptualization and Design Phase activities regarding trusted messengers and sources of information among intended audiences. Distribution channels included RHC networks, social media, mAb Colorado website promotion, mAb Colorado newsletter, and presentations to clinical and public health audiences. Key suggested channels included ECHO Colorado, Colorado Community Health Network representatives, and COVIDCheck Colorado, a testing company with broad reach throughout the state. During presentations with health care providers, local public health leaders and other practitioners, we received feedback to iteratively refine the dissemination products for the changing context and clinical needs related to mAb. The advisory panel members repeatedly asked mAb Colorado leadership to request that the governor make public statements about mAbs.

Partners recommended several mAb care models to enhance equitable access to treatment, reflecting the recognition that education alone was insufficient and that capacity building was needed. They suggested opportunities to provide equitable access to mAbs through enhancing urgent care-based models, outreaching local homeless shelters, partnering with home health agencies and LPHA, increasing the number of clinical sites offering treatment on site, instituting a statewide call center for the public, enhancing information on the CDPHE website, and deploying mobile treatment buses that would travel to areas of greatest need. There was also interest in allowing patients to self-refer (overcoming the need for a provider to issue a referral) and instituting standing orders. Providers wanted a central referral mechanism to call and find available appointments. In parallel, many partners suggested that case investigators calling people who have tested positive for COVID-19 could connect patients to a central treatment referral mechanism.



3.3 F2C dissemination phase outcomes

In the F2C Dissemination Phase, we enacted the Design Phase dissemination strategies and implemented capacity building. Table 1 summarizes distribution and reach. Materials and distribution channels included: (1) social media (Facebook and Instagram) advertisements, (2) Google search advertisements, (3) local radio spots, (4) direct mail, and (5) printed flyers distributed via community partners. mAb Colorado created a website using Sitefinity, the University of Colorado School of Medicine’s content management system and web hosting platform, to house the materials, such as electronic files and a print copy request form (31, 32). The website launched in May 2021 and had an increase in visitors by mid-July 2021, after promotional efforts began, and by February 2022 had 41,689 visitors. The mAb Colorado project sent at least monthly newsletters from July 2021–January 2022, totaling 10 editions.



TABLE 1 mAb message and material distribution channels, metrics, and reach by audience type.
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The RHCs were a valuable distribution channel for community and provider messages and materials. RHCs serve as a crucial point of connection in the community, given their relationships with primary care practices, behavioral health care providers, public health and other community organizations. RHCs distributed communication materials monthly from May 2021 through December 2021 about the effectiveness, utility, and how to access mAb treatment. RHCs coordinated 6 educational outreach events about mAb treatment, reaching 165 providers, partners, and community members across the state of Colorado.

In partnership with ECHO Colorado, we delivered a webinar series, “A Provider’s Guide to Monoclonal Antibody Therapy for COVID-19” to Colorado health care providers (MD, DO, APP, RN, etc.) and administrators interested in outpatient mAb treatment for COVID-19 patients. This webinar included both the evidence supporting use of this treatment and strategies for local implementation of mAb referral and treatment processes. The first series in August 2021 was held three times; a second update series in December 2021 was held three times. Across the August and December sessions, there were 2,020 total registrants, of whom 1,129 attended in-person (average 188 participants per session); all registrants received a recording of the webinar, slides, and shared resources.

Data from the ECHO webinars’ polling questions and post-survey questions showed exposure to the presentation increased likelihood of referring patients with early symptomatic COVID-19 who are at high risk for severe illness and hospitalization for mAb treatment from 55 to 81%. Impact score data from ECHO post-survey showed respondents (n = 684, 61% response rate) rated clinical relevance of the content as 4.2 out of 5. In addition, we delivered 24 presentations to other clinical, public health, professional organizations, and academic audiences. In total, we estimate target audiences were engaged in 20+ hours of collective presentation and discussion time, reaching 2000+ individuals.

To build capacity for treatment, referral, and more equitable access to care, the mAb Colorado project supported implementation of several Design Phase care models. First, in partnership with UCHealth, the mAb Colorado team supported expanded capacity for a centralized referral mechanism through the virtual health center (VHC). The VHC includes virtual urgent care (VUC), which offers telehealth-based urgent care services for common conditions including respiratory symptoms (33). The UCHealth VUC shifted resources to take both clinician-initiated and community patient-initiated referral requests for mAbs. VUC providers served as a centralized resource with up-to-date expertise on mAb eligibility criteria and well-learned routines for identifying treatment locations and placing referrals and orders. This resource addressed concerns regarding relying upon individual providers to stay current on treatment eligibility and referral processes, and about the time it would take to find an available appointment.

Additionally, we worked with two LPHAs to pilot a case investigator referral process with the UCHealth VHC. Over 4 months, LPHA case investigators referred 217 people to the VHC for a mAb treatment consultation, with about 60% ultimately receiving treatment. A mAb Colorado team member who directs a Denver Health urgent care clinic established an exemplar urgent care-based COVID test-to-treat program (34). This clinic provided mAb treatment to 2,524 patients over a 17-month period and demonstrated equitable race and ethnic distribution of treatment (7).

In collaboration with the mAb Colorado team and informed by the advisory panel requests, CDPHE implemented several public health infrastructure and policies for facilitating access to mAbs. The main competing demand that limited implementation of recommended policies was prioritization of vaccine messaging and concerns about overwhelming the public with simultaneous information about prevention and treatment. In anticipation of potential treatment shortages, the state’s mAb referral tool was built with the capacity to “randomly allocate” someone to treatment or no treatment. Accordingly, the tool was originally named the mAb Random Allocation tool. This functionality was never activated, and all patients were referred for treatment. Given concerns discovered in provider interviews that this random allocation process was in place, the mAb Colorado team recommended re-naming the tool the “mAb Connector Tool.” Although a minor change in labeling, it was necessary to address a key clinician barrier to mAb referral. Next, the state integrated language about COVID-19 treatment availability in the post-call emails the state’s case investigators sent to positive cases, directing people to the state’s treatment website or to call their doctors for more information. A more substantial policy change, announced by the Governor of Colorado on November 19, 2021, was a public health order that allowed people with COVID-19 to self-refer for mAb treatment (35); the state subsequently set up a website that allowed patients seeking treatment to book appointments online at new state-run treatment centers, including fixed sites and “mobile buses.”

Some proposed models were not able to be implemented or implemented in a very limited capacity. For example, a “Hospital at Home” program concept was not feasible because it required specific approvals that could not be implemented in a timely manner. Similarly, the statewide call center concept was not feasible because people calling would still need to find a provider to issue a referral—such that a call center would represent a potentially inefficient middle step. A planned mAb referral workflow at a Denver Urban Indian Health Program clinic was only partially implemented, as it went live in December 2021 right as mAb usage was declining due to decreased efficacy.



3.4 F2C impact phase outcomes

As demonstrated in Hamer et al. (24), there were significant changes over time in total mAb referrals and unique referring providers by week after launching the dissemination campaign. Compared to the “pre” period (November 2020–June 2021) before the mAb dissemination plan was enacted, average per-county weekly referrals increased by 417.4 percentage points from 2.99 to 15.47 in the “post” period (July – December 2021; Figure 3). Figures show successive maps of average weekly rate of mAb referrals per 1,000 positive cases of COVID-19 (Figure 4) and number of operating treatment sites (Figure 5) by county over time from November 2020 to December 2021. After initial increases, the total number of mAb treatment sites statewide decreased over time as the doses available became more limited and the only subcutaneous mAb option became ineffective (Figure 6). In addition, the Office of the Governor of Colorado reached out to the mAb Colorado team to connect their office to an individual featured in a testimonial video created as part of the efforts to educate the public that was posted to YouTube. CDPHE also subsequently integrated concepts from mAb Colorado messages into their public health messaging about mAbs, such as mailed postcards statewide (e.g., “Ask your doctor about treatments for COVID-19. If you or a loved one test positive for COVID-19, treatments are available that can help prevent serious illness.”—followed by guidance about timing, effectiveness, where to access treatment, and state contact information).
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FIGURE 3
 Observational trends, by phase of the pandemic. Phase I. November 2020–January 2021 (initial mAb availability, low uptake), Phase II. February – April 2021 (B.1.1.7 variant surge), Phase III. May – July 2021 (vaccines broadly available, lower transmission rates), Phase IV. August – October 2021 (B.1.617.2 variant surge, temporary mAb shortages), and Phase V. November–December 2021 (B.1.617.2 gives way to B.1.1.529 variant; most mAb EUAs revoked).
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FIGURE 4
 Average weekly mAb referral rates by Colorado county over time (November 2020–December 2021).
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FIGURE 5
 Number of operating mAb treatment sites by Colorado county over time (November 2020–December 2021).
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FIGURE 6
 Statewide number of active mAb treatment sites over time (November 2020–December 2021).


The F2C Impact phase includes monitoring and adapting in response to dynamic context. The speed of change of science and policy required materials to be updated frequently which was, at times, a limiting factor in providers staying current about treatments and referral processes. In December 2021, in vitro data suggested the mAbs available at the time were no longer active against the emerging omicron variant, and the EUAs for all but one mAb agent (sotrovimab) were revoked in January 2022. Sotrovimab was thought to retain efficacy against omicron, although it was in limited supply. Unfortunately, sotrovimab was later shown to be ineffective for omicron (29), particularly after the transition to BA.2 subvariants in March 2022. At the same time, EUAs for several oral antiviral treatments were issued and outpatient treatment for COVID-19 largely transitioned to these oral agents. As dissemination of oral treatments was out of scope for this project, the mAb Colorado project dissemination activities were considered complete as of December 31, 2021.




4 Discussion

In this first application of the Fit to Context (F2C) Framework for D4DS (17), we demonstrated a rapid 9-month process of conceptualization, design, dissemination, and impact evaluation of a multi-level dissemination strategy for mAb treatment for COVID-19. The F2C Framework served as a useful and unique approach to guide multi-phase integration of evidence-based approaches to community engagement, participatory co-design, theory-informed dissemination, and mixed methods research. Other frameworks that have emerged in the aftermath of the COVID-19 pandemic to guide rapid D&I in public health emergencies [e.g., the pragmatic, rapid, and iterative dissemination and implementation (PRIDI) cycle (11)] also emphasize the importance of stakeholder engagement, assessing context and the evidence base, and iterative evaluation and adaptation to dynamic context. It is not a new concept in D&I that to impact practice or policy we must “foster collaborative and reciprocal relationships among researchers, implementers, and other stakeholders” to ensure research is relevant, rigorous, rapid and recursive, replicable and clearly define required resources (36). The F2C Framework adds to the sea of D&I frameworks (37) by incorporating a focus on dissemination and sustainability planning, attending to health equity-oriented contextual factors, and building and leveraging existing capacity for delivery of services in complex systems.

It is important to have access to data to inform iterative D&I strategies (38). Throughout this project, we combined access to timely data with interpretation and co-design including community, health system, and public health partners. This included both primary and secondary data collection and analysis. For instance, survey, interview, and focus group data informed tailored messaging to multiple audiences delivered by trusted local, regional, and organizational sources such as healthcare organizations, public health agencies, and media outlets. Access to close-to-real-time COVID-19 trends and mAb referral data from CDPHE helped better understand population-level trends in referral and uptake and where to focus efforts geographically but did not allow for a real-time stratified analysis of vulnerable groups and populations. The data were supplemented with insights from the advisory panel, which included community advocates and regional health connectors with knowledge of community needs, who helped identify underserved groups and populations who may benefit most. The referral data were used to robustly evaluate dissemination impact, beyond simply reporting website views or social media shares.

Another novel contribution of the F2C Framework is an emphasis on the concept of assessing “fit to context” within a given phase to determine readiness to move to the next phase (e.g., readiness to move from conceptualization to design) or need to move back to a prior phase (e.g., emerging evidence from dissemination and impact phases suggests the need for additional design phase activities). While the concept of “fit” or “alignment” is acknowledged as important in D&I (39) (for instance, in the Consolidated Framework for Implementation Research as “compatibility”) (40), what constitutes “fit” between an intervention and its context of expected use has not been comprehensively defined. Operationalizing fit to context at each phase of this project required an iterative understanding of (1) the context in which mAbs were being disseminated; and (2) the extent to which both mAbs themselves and the dissemination strategy aligned with that context. In the Design Phase, this meant identifying mAbs messaging, packaging, and distribution channels aligned with the needs of target audiences. It also meant understanding what mAb referral steps were feasible, acceptable, and appropriate in the common clinical contexts in which people eligible for mAb treatment may be identified.

For both community and provider audiences, the dissemination strategies needed to include education about evidence of mAb effectiveness and real-world, practical guidance about how to access and provide mAb treatment. This scientific and policy information changed often, requiring frequent updates. While adaptation to dynamic context is often integral to dissemination and implementation research (41), especially during public health crises (42), it was particularly necessary in this project. In fact, there may be no better descriptor of the COVID-19 pandemic than “dynamic context.” Context changes included rapid-but-rigorous development of COVID-19 treatments and vaccinations, evolution in dominant variants, and often-times weekly changes in public health policy and FDA approvals.

Leveraging well-established partnerships, public health and health system infrastructure, and long-term relationships with community organizations was critical to mAb Colorado’s success. This project would not have been possible without the willingness of multi-sector partners to use and build upon existing system capacity to enhance awareness and access to mAb treatment. For example, both UCHealth’s virtual health center and the CTSA’s clinical and translational research center redirected and adapted resources to increase capacity for mAb referrals, scheduling, and infusion. The ECHO Colorado team served as a major pathway for provider-targeted education and implementation guidance. Project ECHO was a trusted messenger for providers (determined through conceptualization phase provider interviews) with a finely tuned system for marketing, hosting, and evaluating webinars and providing continuing education credit. Our experience was consistent with others nationally, such that Project ECHO proved a useful partner for COVID-19 provider education (43). Responsiveness to dynamic context and the need for rapid dissemination of evidence in a pandemic benefit from the ability to call upon such communication channels and care delivery systems. This project also demonstrated the value that the United States’ national CTSA program offers in terms of adaptive capacity for clinical research, informatics, community engagement, and D&I science that can be called upon in response to public health emergencies (44). Resources should be committed on an ongoing basis to enable rapid responses to future dynamic public health emergencies – that is, we must maintain a “warm base” of infrastructure that can be repurposed for future public health needs.

This paper adds to the growing literature on strategies for making the process of research and implementation of evidence into practice more rapid – including that which emerged in response to COVID-19 (42, 45, 46). In our case, rapid research and implementation meant to undertake the usual research steps in a more efficient manner in order to draw conclusions, implement interventions, and achieve impact more quickly. There are several ways of conceptualizing what makes D&I research more rapid, ranging from the pace of an implementation effort— such as in this project—to the speed with which health care leads to improved clinical outcomes (8). The “rapid” strategies used in this project included (1) bypassing the need for some primary data collection by using “real-world data” gathered in the course of routine care and public health surveillance activities for monitoring geographic need and impact, (2) bypassing the need for creating new distribution channels by leveraging existing relationships between research, clinical and public health practitioners, and health education and communication entities, such as through practice-based research networks, RHCs, and project ECHO, (3) conducting pragmatic and hybrid implementation-effectiveness research, such that by studying effectiveness and implementation in parallel, we were able to quickly understand what works in usual care settings from both perspectives and make adjustments in real time, and (4) efficiently integrating evidence-based practices from many disciplines through use of team science. The mAb Colorado project also included a major emphasis on studying real-world effectiveness of mAbs (47–50) and innovative approaches to assessing fair and equitable treatment allocation (51) leading to significant national policy impact. Other methods for making research more “rapid” used in this project include rapid qualitative analysis (52) used to assess contextual factors important to dissemination strategy design and enactment, as well as real-time evaluation (53) to assess needed adaptations dissemination strategies.

Recently, Proctor and colleagues introduced the FAST Framework to aid in the assessment of the speed of translation in policy and practice (8). Our project reflected several aspects of the FAST Framework—demonstrating a rapid pace of implementation of mAb referral and treatment processes (parameters of speed), faster progression through the F2C framework process phases than might otherwise be done in a non-public health emergency context (effects of speed), having meaningful partnerships and receptive audiences (rate of flow factors), and orientation to urgent need and implementation capacity (accelerators). Proctor and colleagues call for more research on testing speed of adoption, implementation, and impact of rapid methods, using hybrid implementation-effectiveness studies and natural experiments.

There were several limitations to our rapid D4DS approach and our application of the F2C framework. As noted by others (53), a tradeoff in use of rapid evaluation methods in the context of humanitarian emergencies is balancing the need for speed with trustworthiness of the data. While it was helpful to use the real-time COVID-19 epidemiological data to inform decisions related to priority geographic regions and communities for dissemination, the precision of these data is unclear. These data allowed assessment of real-time effectiveness of selected channels, allowing for appropriate pivots. Tracking impact of our dissemination activities was challenging. Although most materials were electronic (enabling tracking reach), we provided print copies of the materials for distribution – which were harder to track. Given the observational nature of this project as a natural experiment, we cannot draw strong conclusions about the causal effect (or proportional effect) of our dissemination activities relative to other historical factors. While we used rigorous causal inference methods in the impact phase, we cannot rule out the effects of factors such as well-known public figures receiving mAbs for COVID-19.



5 Conclusion

Rapid methods for designing for dissemination are feasible to accomplish while still using rigorous application of D&I frameworks and methods, including the novel Fit to Context Framework for Designing for Dissemination and Sustainability. The pace at which this project progressed was likely achieved because of four factors: (1) A robust existing CTSA infrastructure including a mature dissemination and implementation research core; (2) Strong, long-term relationships with multi-sector community, health system, and public health partners; (3) A substantial budget for D&I activities made available through supplemental federal funding to our CTSA; and (4) A team with deep clinical and policy knowledge about relevant science and policy decisions—sometimes before they were even public—which allowed us to prepare and be in the position to advise health departments, policy makers, health systems, and community partners.
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