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Executive Summary 

The rollout of COVID-19 vaccines highlights the need for continued innovation in how vaccines 

are delivered. Recognizing this, the US government and global stakeholders established 

objectives for simplifying vaccine distribution and administration, including through the 

development of new technologies and approaches to enable broader, faster rollout of vaccines 

in a pandemic. If successful, these innovations have the potential to end pandemics more 

quickly, save lives, and reduce economic harms. 

Microarray patches (MAPs) are being developed as a new tool to enable intra- and trans-dermal 

vaccine administration. If MAP vaccines meet their development objectives, using them to 

deploy vaccines in a pandemic could accelerate availability across expanded populations and 

hard-to-reach places. Through dose-sparing capabilities, streamlined storage and distribution, 

and simplified administration, MAP vaccines could mitigate the public health and economic 

consequences of future pandemics. 

Avalere modeled the potential impact of MAP vaccines under 2 pandemic scenarios measuring 

how MAP vaccines could affect cases, deaths, and pandemic duration, as well as mitigate 

economic losses resulting from pandemic-related business closures and lockdowns. Results 

demonstrated that, in both scenarios, MAP vaccines would contribute to shorter pandemics, at 

least 35% fewer cases, and at least 30% fewer deaths. Additionally, MAP vaccines would 

reduce US economic losses by at least $200 billion and global economic losses by at least $921 

billion. 

These results demonstrate MAP vaccines could enable more rapid vaccination of the global 

population, thereby bringing pandemics to a close more quickly, reducing potential for variants 

of concern, and moderating the negative economic effects of lockdowns and other mitigation 

measures. Findings from early-stage MAP vaccine clinical studies have been positive, 

demonstrating comparable or superior immunogenicity to traditional needle-and-syringe 

vaccines and improved acceptability among recipients. Some studies have demonstrated dose-

sparing, meaning MAP vaccines could potentially achieve the same efficacy using a lower dose. 

Additionally, MAPs may not require cold chain distribution and could be well equipped to reach 

rural and remote communities. Targeted investment is needed to fully realize this technology’s 

potential for accelerating vaccination and improving US and global pandemic response 

capabilities. 

  



  

Estimating the Economic and Public Health Impact of Microarray Patch (MAP)-Administered Vaccines in Pandemics |  2 

Introduction 

The rollout of COVID-19 vaccines, both in the US and globally, has drawn attention not only to 

rapid vaccine development, but also to the need to improve the tools and approaches available 

for delivering vaccines. Recognizing this, the US government and global stakeholders 

established objectives for simplifying vaccine distribution and administration, including through 

the development of new technologies and approaches to enable broader, faster rollout of 

vaccines in a pandemic. Several life sciences companies are developing microarray patches 

(MAPs) for intra- or trans-dermal vaccine administration which, if successful, could offer 

advantages over traditional needle-and-syringe vaccine delivery.1 Such advantages may include 

accelerating the availability of vaccine doses through dose-sparing, streamlining storage and 

distribution, simplifying administration, and reaching expanded populations. These advantages 

could have significant implications for the public health and economic effects associated with a 

pandemic. 

This paper provides an overview of progress towards development of MAPs for vaccination and 

highlights technical and policy considerations for delivering them at the scale needed to achieve 

widespread economic and public health impact. It then examines the potential economic and 

public health effects of deploying MAP vaccines during a pandemic, drawing on the results of 

modeling conducted by Avalere Health. This modeling explored how, in 2 pandemic scenarios, 

deployment of MAP vaccines in combination with traditional needle-and-syringe vaccines could 

affect cases, deaths, and pandemic duration, as well as how MAP vaccines could influence the 

economic effects of pandemic-related shutdowns and other restrictions. While the primary focus 

of this analysis is on US domestic impact, Avalere also extrapolated high-level global data to 

demonstrate the broader potential impact of MAP technology. 

Model results demonstrated that MAP vaccine use during either scenario would shorten 

pandemic duration and reduce economic losses. As MAP development continues, additional 

research into the effect of MAP vaccines on pandemics and other infectious disease scenarios 

may inform product development.  

Progress in MAP Development 

Several companies are advancing MAP technologies for vaccine delivery through preclinical 

and clinical development. Over the past 2 decades, researchers have conducted preclinical 

studies of MAP vaccines against a wide array of pathogens in animal models, including mice, 

monkeys, pigs, and other small mammals. These studies have demonstrated that intra- and 

trans-dermal MAP vaccine delivery can produce a strong, durable immune response and 

protective efficacy across all vaccine types and target pathogens.2 In particular, preclinical MAP 

vaccine studies targeting viruses with pandemic potential induced suitable protection in mice, 

and studies of influenza vaccination in mice found long-term protective immunity.3 
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Despite promising preclinical findings, MAP vaccines have undergone limited human clinical 

testing. As of January 2022, 4 Phase I studies of MAP-delivered influenza vaccines have been 

completed, and 1 Phase I/II study of a MAP-delivered measles-rubella vaccine is currently 

underway.4,5 Additionally, 1 Phase I study of a MAP-delivered Japanese encephalitis vaccine 

has been completed.6 These early clinical trials demonstrated that MAPs have an acceptable 

safety profile and are capable of eliciting an immune response comparable or superior to that 

produced by traditional needle-and-syringe vaccines. For example, a Phase I trial of a MAP-

delivered influenza vaccine demonstrated the vaccine was similarly immunogenic to traditional 

needle-and-syringe counterparts, was associated with no adverse events directly attributable to 

the MAP, and caused little to no pain for the majority of participants.7,8 Additionally, some studies 

are exploring the potential dose-sparing capability of MAPs, including one study that found 

MAPs were similarly immunogenic to traditional vaccines using 1/6th of the dose.9 

Potential Advantages 

MAPs have the potential to improve vaccination access by supporting dose-sparing, simplifying 

vaccine distribution and administration, and reducing barriers to vaccination. 

Dose-Sparing 

MAPs may support vaccination of more people using the same volume of vaccine material, as 

the higher density of antigen-presenting cells in the dermal skin layer may allow a vaccine 

delivered intra- or trans-dermally to achieve similar efficacy to intramuscular administration 

using a smaller dose.10,11 In preclinical studies, MAPs have demonstrated potential for this type 

of dose-sparing, which could increase the number of doses available from a fixed volume and 

decrease the cost per dose delivered.12 

Simplifying Distribution & Administration 

MAPs also may support streamlined, and less expensive, distribution processes. Early evidence 

shows that MAP vaccines may be able to withstand higher temperatures than traditional needle-

and-syringe vaccines, which would require less stringent cold chain storage and distribution.13 

Additionally, MAPs are generally smaller than needle-and-syringe counterparts, which would 

support more efficient use of storage and delivery space. These features could lower the cost of 

storage and distribution, allow MAPs to be distributed on an accelerated timeline, and leverage 

novel delivery methods, including direct-to-consumer.14 

Vaccine administration also could be simplified with MAP technology. One study found that 

MAP vaccines required minimal training for administration, which could alleviate strain on the 

healthcare workforce by allowing providers without specialized training to administer vaccines 

and potentially support patient self-administration.15 Early usability testing also indicates that 

self-administration of MAP vaccines is feasible and could increase vaccine uptake, though 

additional study and regulatory guidance is needed.16 
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Reducing Barriers to Vaccination 

MAP vaccines could increase vaccine uptake and combat hesitancy. Due to the small size of 

the microneedles on the device, MAP vaccines may have lower pain potential and could be 

preferable for some recipients who may fear needles.17 MAP vaccines may also be better able 

to reach homebound and other hard-to-reach individuals given size and thermostability profile. 

Opportunities for Advancement 

Considerations spanning technical, regulatory and policy, and acceptability and administration 

will need to be addressed for MAP vaccines to achieve widespread economic and public health 

value. 

Technical 

Additional clinical studies are needed to better understand MAP vaccine safety and efficacy, 

including studies that look at MAP delivery of different vaccine types in broader populations and 

those that further establish the potential for dose-sparing.18 Studies also should ensure that 

variation in skin characteristics and differences in application pressure do not affect delivery of 

accurate dosing.19,20 Further assessment of thermostability requirements for MAP-delivered 

vaccines also needs to be explored to support storage and distribution outside traditional 

vaccine cold-chain requirements.21 

Greater investment in manufacturing standardization, including equipment and processes, 

would be required to achieve full-scale commercialization.22 Like traditional needle-and-syringe 

vaccines, MAP vaccines must meet strict aseptic manufacturing standards that require complex 

processes and can pose additional resource, training, and cost considerations.23,24 Lack of 

regulatory guidance on chemistry, manufacturing, and controls also creates uncertainty for 

manufacturers about critical quality attributes, testing methods, and sterility requirements.25 

Regulatory & Policy 

The US Food and Drug Administration (FDA) has yet to publish guidance on review of MAPs for 

vaccine or drug delivery. MAP vaccines will follow a combination regulatory pathway, meaning 

multiple FDA centers will play a role in establishing standards to ensure that vaccines 

reformulated for MAP delivery are as safe and effective as their needle-and-syringe 

counterparts. New technologies and approaches for quality control inspections may be needed 

to assure integrity and standardization of the small components and complex machinery used to 

manufacture MAPs. To achieve the potential for self-administration of MAP vaccines, FDA also 

will need to provide guidance on required testing and evidence. 

To ensure policy recommendations for use, optimal public and private coverage, and 

procurement contracts, manufacturers will need to demonstrate the added value that MAPs 

provide compared with existing vaccination methods.26,27 For example, value demonstration 

supports a positive recommendation from the Center for Disease Control and Prevention’s 

(CDC) Advisory Committee on Immunization Practices, which drives coverage and 
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reimbursement for routine vaccines in the public and private markets. In the pandemic context, 

value demonstration may be critical for securing contracts with US government agencies, 

including the Departments of Defense and Health and Human Services.28 

Acceptability & Administration 

More research is needed to understand potential MAP product uptake under different approval 

and use scenarios.29 Intra- or trans-dermal vaccine administration introduces new user 

experience variables, such as skin reactions, that may affect user acceptability.30 Additionally, 

potential self-administration of MAP-delivered vaccines will require new approaches to verify 

successful administration of the vaccine to the right person when outside the supervision of a 

trained healthcare worker.31 

Economic & Public Health Model 

Methods 

Avalere assessed the public health and economic impact of MAP vaccines in 2 viral pandemic 

scenarios that would likely cause lockdowns, large-scale job loss, reduced economic activity, 

and diminished productivity. Characteristics of each scenario are summarized in Figure 1. 

Scenario 1 resembles SARS-CoV-2 and scenario 2 resembles pandemic influenza. Under both 

scenarios, Avalere determined the extent to which MAP-delivered vaccine availability reduced 

infections, deaths, and duration of each pandemic, in addition to the proportionate impact on net 

economic effects. 

Figure 1. Characteristics of Model Pandemic Scenarios 

 Scenario 1 Scenario 2 

Virus Characteristics 

Infection Fatality Rate 0.6% 2.5% 

Latent Period (Days) 5 2 

Incubation Period (Days) 8 5 

Transmissibility (R0) 2.5 2.0 

Mutation Rate .0036 .000002 

Vaccine Dynamics 

MAP Dose Sparing Effect 50% 50% 

Volume of Total Bulk 

Vaccine Supply to MAPs 

10% 10% 

Marginal Impact of MAPs 

on Vaccine Uptake 

10% 10% 

Vaccine Timing Delayed Available 

Vaccine Supply Constrained Unconstrained 

Vaccine Effectiveness High (90%) Moderate (60%) 
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The virus in scenario 1, which is similar to SARS-CoV-2, has a lower infection fatality rate but 

spreads rapidly and has a higher mutation rate. Vaccines under this scenario are highly 

effective but face a 12-month delay in availability and supply constraints. In this scenario, the 

model does not account for case, hospitalization, and mortality data beyond the Delta variant of 

COVID-19. The virus in scenario 2, which is similar to pandemic influenza, has a higher 

infection fatality rate than scenario 1 but spreads and mutates less rapidly. Vaccines in this 

scenario have moderate efficacy and are immediately and widely available. 

In both scenarios, MAPs had a 2-to-1 dose-sparing effect, and 10% of the volume of bulk 

vaccine product was dedicated to MAP application. Additionally, both scenarios incorporated a 

10% marginal impact on vaccine uptake. These assumptions are examined further in the 

limitations section of this paper. 

The model used estimates of US gross domestic product (GDP) from January 2020 and July 

2021 Congressional Budget Office (CBO) forecasts to capture the net economic effects of the 

COVID-19 pandemic. These estimates were modified proportionately for the virus in scenario 2, 

similar to pandemic influenza, and were used to model US economic effects, which Avalere 

then extrapolated to the global economy. 

Results 

Model results (shown in Figure 2) demonstrate that, compared to baseline, MAP vaccine 

availability would reduce pandemic duration, total cases, and total deaths in both scenarios. In 

addition, MAP vaccine availability would reduce US and global economic losses over a 2-year 

period and increase forecasted US economic gains over the next 10 years. A visual breakdown 

of model results is shown in the appendix. 

Under scenario 1, MAP vaccine availability would result in 16.3 million fewer cases, 200,000 

fewer deaths, and would reduce the duration of the pandemic by 150 days. Economic losses 

would be reduced by $516 billion in the US and $2.3 trillion globally over a 2-year period, and 

economic gains would be increased by $793 billion in the US over a 10-year period. 

Under scenario 2, MAP vaccine availability would result in 22.4 million fewer cases, 600,000 

fewer deaths, and would reduce the duration of the pandemic by 30 days. Economic losses 

would be reduced by $205 billion in the US and $921 billion globally over a 2-year period, and 

economic gains would be increased by $390 billion in the US over a 10-year period. 
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Figure 2. Model Results 

Scenario 1 

 US Public Health Impact US Economic Impact  
(GDP $B) 

Global Economic Impact 
(GDP $B) 

 Duration 
(Days) 

Cases Deaths 2-year 10-year* 2-year 

Baseline 655 46.7M 700K ($1,740) $1,889 ($7,807) 

With MAPs 505 30.4M 500K ($1,224) $2,682 ($5,492) 

Difference (150) (16.3M) (200K) $516 $793 $2,315 

Scenario 2 

 US Public Health Impact US Economic Impact  
(GDP $B) 

Global Economic Impact 
(GDP $B) 

 Duration 
(Days) 

Cases Deaths 2-year 10-year* 2-year 

Baseline 180 43.5M 1.1M ($478) $518 ($2,146) 

With MAPs 150 21.1M 500K ($273) $908 ($1,225) 

Difference (30) (22.4M) (600K) $205 $390 $921 

Discussion 

Model results demonstrate that MAP vaccines could enable more rapid vaccination of the 

population, bringing pandemics to a close more quickly, reducing potential for variants of 

concern, and moderating the negative economic effects of lockdowns and other mitigation 

measures. While this impact was seen in both scenarios, its magnitude was greater in scenario 

1 where vaccine supply was constrained at the outset. In this scenario, MAP vaccines would 

enable more rapid scale-up of vaccination. While MAP vaccine availability would also result in 

increased vaccine uptake in scenario 2, this impact would be smaller given unconstrained 

supply. 

The model results show that the pandemic in both scenarios would end more quickly with MAP 

vaccine availability. Shorter pandemics could reduce a pathogen’s potential to mutate and, in 

turn, reduce potential development of variants of concern. While this model did not incorporate a 

global goal of a 100-day timeline for pandemic vaccine availability, an expedited timeline could 

further reduce cases, deaths, economic losses, and mutation potential. 

The economic impact results were driven by faster vaccination and increased uptake when MAP 

vaccines were available. The model assumed that, in a supply-constrained environment, dose-

sparing allowed for more rapid scale-up of vaccination programs, further reducing pandemic 

duration. Faster vaccination of a population could result in fewer cases and deaths and reduce 

duration of lockdowns and other pandemic restrictions that negatively affect the economy. The 
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model also assumed, based on published literature, additional vaccine uptake with the 

availability of MAP vaccines due to their potential ability to reach individuals in rural or remote 

locations where traditional needle-and-syringe vaccines may be difficult to access, as well as 

individual acceptability by those who may be hesitant due to needle fear or who may otherwise 

avoid vaccination. 

Attributes that support simpler distribution, including the potential to forego cold chain delivery 

and storage, may also allow MAPs to be delivered to homes, further improving vaccine uptake. 

For example, vaccine delivery by home health aides could improve vaccine access for 

homebound individuals. Additionally, MAPs may be well-suited for mail delivery to rural 

outposts. Avalere accounted for this potential in the model by assuming that the availability of 

MAP vaccines would increase uptake by 10%. Finally, while this model did not incorporate self-

administration availability, this method could further improve model results if broadly accepted 

by medical professionals and vaccine recipients. 

Limitations 

In both scenarios, Avalere made assumptions about MAP attributes and availability, including: 

• Volume of bulk vaccine product dedicated to MAP application. The amount of 

vaccine product dedicated to MAPs could vary depending on volume and availability of 

MAPs, vaccine product, and traditional vaccine supplies. While it is possible for a greater 

volume of vaccine product to be dedicated to MAPs, this will depend on acceptability 

among medical professionals, patients, competitive interests, and regulatory authorities. 

• Impact of MAP availability on vaccine uptake. Actual vaccine uptake will depend on 

several factors, including vaccine supply availability, potential supply chain 

vulnerabilities, and individual- and community-level vaccine hesitancy. 

• MAP availability. MAP vaccines were available in the needed volume at the same time 

as traditional needle-and-syringe vaccines and neither faced supply chain vulnerabilities. 

Distribution of MAP vaccines will depend on contractual relationships between MAP and 

vaccine manufacturers, which could affect the amount of vaccine each party would 

receive. 

• Dose-sparing effect. Actual dose-sparing needs to be demonstrated in further clinical 

trials and likely will depend on MAP platform and vaccine formulation. As dose-sparing is 

a driver of accelerated vaccination, this directly alters the effect of MAPs.  

CBO forecasts found that economic deterioration caused by the COVID-19 pandemic was offset 

by federal stimulus for households, businesses, and state and local governments, reducing 2-

year economic losses and increasing 10-year economic gains in the model. Future results will 

depend on making similar government investments during future pandemics. For extrapolation 
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purposes, the model also assumed that all countries would experience similar economic effects 

and adopt similar policies, though this will vary by country in reality. 

Finally, this model was based on 2 pandemic scenarios. Actual impact of MAP vaccines in a 

pandemic context depends on factors including virus dynamics, vaccine supply availability, and 

response from governments. 

Conclusion 

Avalere’s analysis demonstrates that MAP technology has potential to improve the timeline for 

vaccination during a pandemic, positively affecting public health and economic factors. While 

MAP vaccines are not currently available, a review of MAP technology demonstrates the 

potential benefits these products could have, including increasing available doses, reducing 

supply constraints, and contributing to faster vaccine availability. The extent to which MAP 

vaccines can augment current vaccination efforts could have implications for future pandemic 

response efforts. 

Uncertainties remain around MAP vaccines’ safety and efficacy profile, method of 

administration, and commercial scale manufacturing, requiring additional clinical studies, 

feasibility and uptake assessments, and technology innovations. Further, guidance from FDA 

regarding regulatory review and approval of MAPs can provide more clarity for manufacturers. 

The ability of MAP vaccines to speed up vaccine distribution and administration may reduce the 

circulation of viral variants and shorten a pandemic’s duration. Additionally, MAP vaccine 

characteristics may influence patient acceptability. However, the potential for MAP vaccines to 

alter timelines, access, and acceptability thresholds depends on targeted investment in MAP 

products. 
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Appendix 

Figure 1. Scenario 1 Vaccination Rates, Baseline and With MAPs 

 

Figure 2. Scenario 2 Vaccination Rates, Baseline and With MAPs 
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Figure 3. Baseline Scenario 1 Infections, New and Cumulative 

 

Figure 4. Scenario 1 Infections with MAPs, New and Cumulative 
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Figure 5. Baseline Scenario 2 Infections, New and Cumulative 

 

Figure 6. Scenario 2 Infections with MAPs, New and Cumulative 
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