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Abstract

Disease eradication and elimination programs drive innovations based on progress toward measurable objectives, evaluations
of new strategies and methods, programmatic experiences, and lessons learned from the field. Following progress toward
global measles elimination, reducing measles mortality, and increasing introductions of measles and rubella vaccines to
national programs, the measles and rubella immunization program has faced setbacks in recent years. Currently available
vaccine delivery methods have complicated logistics and drawbacks that create barriers to vaccination; innovations for easier,
more efficient, and safer vaccine delivery are needed. Progress can be accelerated by new technologies like microarray patches
(MAPs) that are now widely recognized as a potential new tool for enhancing global immunizations efforts. Clinical trials
of measles-rubella vaccine MAPs have begun, and several other vaccine MAPs are in the pre-clinical development pathway.
MAPs could significantly contribute to Immunization Agenda 2030 priorities, including reaching zero-dose children; increas-
ing vaccine access, demand, coverage, and equity; and achieving measles and rubella elimination. With strong partnerships
between public health agencies and biotechnology companies, translational novel vaccine delivery systems can be developed

to help solve public health problems and achieve global health priorities.
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Highlights

o An improved method for the delivery of measles and rubella
vaccines is a long-established need and remains the highest research
priority for the measles and rubella immunization program.

o Global efforts to eliminate measles and rubella would be
greatly facilitated by the availability of measles-rubella
vaccine microarray patches (MAPs) with simplified logistics
and improved thermostability, enhancing efforts to increase
vaccination coverage and equity, particularly in low and middle-
income countries, where children are in greatest need.

e Vaccine MAPs have the potential to significantly contribute
to Immunization Agenda 2030 priorities including increasing
(1) vaccine access and demand, coverage, and equity with
vaccinations across the life-course, and (2) reaching any
unvaccinated children to ensure no one gets left behind.

o Strong partnerships between public health agencies and
biotechnology companies are needed to develop translational
novel vaccine delivery systems to solve public health problems
and help achieve global health priorities.

The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the U.S.
Centers for Disease Control and Prevention.

< James L. Goodson
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The context

A recent study published in the journal Science suggests the
measles virus emerged as early as the sixth century BCE,
making it the oldest human RNA virus genome sequenced
thus far and nearly twice as old as previously thought [1].
This revised timeframe of the origin of the measles virus
emergence substantially increases the overall toll of human
disease, death, and devastation caused by measles through-
out human history [2]. Today, after more than 2,600 years,
humans remain the only natural host sustaining ongoing
measles virus transmission [3, 4].

Clinical measles in the USA was first described in Bos-
ton in 1657 [3]. The measles virus (Edmonston-B strain) was
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isolated in 1954 from a measles-infected boy by Thomas C.
Peebles while working in John F. Enders’ laboratory at Boston
Children's Hospital and then propagated in chick embryo cell
culture [5]. For vaccine development, the virus was attenuated
through multiple passages in chick embryo cells, to the more
attenuated Enders (Moraten) strain used in the USA and to
the Schwartz measles virus strain used worldwide. Rubella
vaccines are based on the live attenuated RA 27/3 strain that
was first isolated from an infected fetus in the 1960s and then
passed through human diploid cell lines [6]. In the USA, the
first measles vaccine was licensed in 1963, and the first rubella
vaccines were licensed in 1969; global widespread use started
in 1974. Measles-rubella (MR) vaccines are given by subcu-
taneous injection in a two-dose regimen as recommended by
the World Health Organization (WHO). Before the use of MR
vaccination, measles infected nearly everyone during child-
hood, causing 135 million measles cases and 6 million measles
deaths globally each year, including 4 million cases and 450
deaths in the USA [7, 8]. Prior to the use of rubella vaccine,
an estimated 12.5 million rubella cases including > 30,000
pregnancies affected, and 20,000 infants born with congenital
rubella syndrome occurred in the last major outbreak in the
USA during 1964—-1965. Increasing vaccination coverage in
the USA led to the elimination of endemic measles in 2000
and rubella in 2009; however, imported cases into the USA,
primarily among unvaccinated US travelers returning home
from travel abroad, continue to occur each year [9]. Measles
remains a major cause of child mortality globally and rubella
the leading cause of birth defects globally, despite both being
vaccine preventable and eradicable [10, 11].

During the twentieth century, the development, manufac-
ture, and widespread use of a variety of vaccines brought forth
a golden age of immunizations to global public health and
opened doors to the possible eradication of some diseases.
In 1966, the intensified smallpox eradication program was
launched by the World Health Organization (WHO) with
major support from the US Centers for Disease Control and
Prevention (CDC); after successful implementation of that
program, smallpox was declared eradicated in 1980 [12].
Because of this enormous public health achievement, along
with overwhelming evidence that mass vaccinations drive
down targeted disease incidence and that investments in vac-
cines bring major societal and economic benefits, the World
Health Assembly (WHA) requested WHO to establish the
Expanded Programme on Immunization (EPI) in 1974 [13].
During the next few decades, EPI led to increasing vaccina-
tion coverage worldwide: In 2020, 87% of children worldwide
received at least 1 dose of diphtheria and tetanus toxoids and
pertussis-containing vaccine (DTP), and 84% received the
routine first dose of measles-containing vaccine (MCV1) [14].
During 2000-2020, the number of countries providing a sec-
ond dose of measles-containing vaccine (MCV?2) nationally
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through routine immunization services increased from 95
(50%) to 177 (91%) and estimated global MCV2 coverage
increased from 18 to 71% [14].

Effective approaches for improving global
vaccination

EPI has evolved and improved based on experience and
lessons learned from vaccine-preventable disease eradica-
tion and elimination programs that bring valuable focus to
the strategic use of disease surveillance and immunization
services and inspire innovation to strengthen systems and
improve vaccination coverage and equity with all vaccines
[15, 16]. Such programs, particularly those for smallpox,
polio, measles, and rubella, honed the use of disease sur-
veillance and epidemiology to guide strategic use of vac-
cines, including mass vaccination campaigns and outbreak
response, and led to novel vaccines and delivery for increas-
ing coverage. For example, simplified delivery systems with
the use of the bifurcated needle during mass vaccination cam-
paigns and the ring vaccination strategy to contain outbreaks
played key roles in the success of smallpox eradication [12,
15]. For polio eradication, evolving programmatic needs led
to development of type-specific monovalent and bivalent oral
polio vaccines (OPV) with higher efficacy, novel OPV strains
with increased genetic stability, and intradermal inactivated
polio vaccine (IPV) where only a fraction of the subcutaneous
dose is injected into the skin resulting in a lower cost per dose
in some settings [16, 17]. Similarly, using a fractional dose of
rabies vaccine via the intradermal route proved effective for
rabies post-exposure prophylaxis and was approved by WHO
in some settings. Measles elimination efforts supported adop-
tion of auto-disabling syringes for improved injection safety
and disposal of devices. Targeted disease initiatives set objec-
tives to reach everyone with needed interventions, use disease
surveillance to identify and close population immunity gaps,
bring innovations for improving delivery of vaccines, and
employ special strategies and novel approaches to reach all
communities to achieve the high homogeneous population
immunity needed to interrupt virus transmission [4, 18, 19].

Increases in global vaccination coverages and reduc-
tions in vaccine-preventable diseases were the result of
large investments and technical support from donors to
countries and implementing partners including WHO and
United Nations Children’s Fund (UNICEF). The Bill &
Melinda Gates Foundation (BMGF) established Gavi, the
Vaccine Alliance (Gavi), a public—private global health
partnership in 2000 with the goal of increasing access
to immunizations and consolidating vaccine purchas-
ing power to support countries and EPI. BMGF also led
the Decade of Vaccines initiative that started in 2010 to
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extend, by 2020 and beyond, the full benefit of immuniza-
tions to all persons. Broad multi-partner disease-specific
initiatives like the Global Polio Eradication Initiative
(GPEI), established in 1988, and the Measles & Rubella
Initiative (M&RI), established in 2001, also directly ben-
efit EPI through advocacy, communications and resource
mobilization, and by expanding cold chains, training vac-
cinators, using data driven vaccination strategies, and driv-
ing innovations in vaccine delivery methods.

Measles and rubella elimination goals
and strategic frameworks

In 2001, the M&RI partnership was established with an organi-
zational vision to achieve a world without measles and rubella
[20, 21]. The M&RI vision provides an operational raison
d’étre, aligns investments, and inspires work by countries and
partners toward the mission. A global target to eliminate mea-
sles and rubella in five of the six WHO regions by 2020 was
established in 2012 by the Global Vaccine Action Plan (GVAP)
and endorsed by the WHA [22]. In addition to this global
goal, countries in all six WHO regions established regional
goals for measles elimination, and rubella elimination goals
were set in four regions [23]. In August 2020, the 73rd WHA
endorsed the Immunization Agenda 2030: A Global Strategy
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to Leave No One Behind (1A2030) [24]. IA2030 reinforces
previous commitments, builds on the goals of GVAP and exist-
ing disease-specific initiatives, and focuses on health systems
strengthening to help achieve these goals. I[A2030 emphasizes
the need for better delivery systems and uses measles vaccina-
tion coverage and measles incidence as indicators to identify
communities and age groups that are un- or under-immunized,
to focus efforts for strengthening primary healthcare systems
and elimination activities [24, 25]. Research and innovation
in vaccine delivery is a core strategic priority of IA2030 [24].

Global progress toward measles elimination has faced
setbacks in recent years [26], following a period of great
success by the M&RI partnership and countries in reducing
measles cases and mortality during 2000-2016 [27]. Dur-
ing this period, the global annual number of reported cases
decreased from 853,479 to 132,490, and measles incidence
declined by 87% from 145 to 19 cases per million popula-
tion [27]. However, a global resurgence in measles during
2017-2019 led to large outbreaks in countries in the African
regions, re-established endemic measles in countries in the
Americas and Europe, as well as increased global measles
incidence, morbidity, and mortality. In 2019, reported mea-
sles cases increased to 869,770, incidence increased to 120
cases per million, and estimated measles deaths were more
than 207,500, the largest number since 2006 (Fig. 1). By the
end of 2020, 81 (42%) of 194 countries had verified measles
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Fig. 1 Number of Estimated Measles Deaths Prevented by Vaccination Globally and Those Not Prevented, 2000-2019 [23]

@ Springer



962

Drug Delivery and Translational Research (2022) 12:959-967

elimination [9]; however, measles deaths persist, with annual
estimates oscillating around 100,000 since 2013 [28]. These
deaths are preventable and unacceptable, highlighting fail-
ures in systems to reach all children with immunizations.

To ensure further progress, increased community demand
and access to vaccinations, stronger partnerships for
strengthening health systems, improved delivery methods,
and further investments in innovations that can overcome
access barriers to vaccinations are needed [9]. The Mid-
term Review of the Global Measles and Rubella Elimination
Strategic Plan 2012-2020 concluded that developing new
technologies and a better use of data to achieve measles and
rubella elimination were necessary to accelerate progress,
conclusions that informed the new Measles and Rubella
Strategic Framework 2021-2030 [29]. Both the IA2030 and
the new Measles and Rubella Strategic Framework strongly
emphasize the need for investing in research and innovation
for vaccine delivery and elimination efforts [30]. The high-
est research priorities for measles and rubella elimination
consistently include developing new and innovative tools for
increasing vaccination coverage; improved delivery methods
for MR vaccines remain a long-established and the highest
research priority for the program [11, 31-35].

Limitations for measles and rubella
vaccination

Although MR vaccines are safe, highly effective, and well-
established within EPI, their delivery poses significant
logistical challenges for handling and maintenance of strict
continuous cold chain requirements that create missed
opportunities for vaccinations (Table 1). Currently available
MR vaccines must be given by trained health care workers
only, using a specific reconstitution diluent and hypodermic
needle and syringe for subcutaneous injection. Although the
lyophilized powder vaccine is stable when refrigerated at
2-8 °C, it becomes very heat- and light-sensitive after it is
reconstituted with the diluent before use. Once the vial is
opened and the vaccine is reconstituted, the vial and vaccine
must be discarded after 6 h, whether the doses were used
or not. Vaccinators, particularly in resource-limited settings
and low volume clinics, are reluctant to open multi-dose
vials when only a few children are present, for fear of vac-
cine wastage. Also, in some settings, vaccinators near the
end of vaccination sessions are sometimes reluctant to open
another vial for the remaining few unvaccinated children.
This leads to unofficial practices of “batching children” by
asking mothers to leave and come back with their child the
next day, or next week, or next month when the MR vaccine
might be available again. It also leads to MR vaccination
sessions not always being available daily, but rather weekly
or monthly in some settings.

@ Springer

These practices, especially in settings where caregivers
have difficulties bringing their children to the vaccination
site, can drive down demand, delay vaccinations, cause inva-
lid doses given too early, or worse, tempt vaccinators to use
vaccine from a vial that has been opened for longer than
6 h and is no longer potent or is potentially contaminated
and harmful. Multiple injections during the same clinic visit
can be a deterrent to vaccine uptake due to pain, emotional
distress, and needle phobia, leading to lower vaccination
demand and acceptance. Mass vaccination campaigns,
including outbreak response, can be challenging in some
settings due to a shortage of trained medical personnel to
handle and deliver the vaccines that require careful reconsti-
tution, safe injection techniques, and sharps disposal. Human
errors during vaccine reconstitution and lack of adherence to
strict vaccine storage and handling requirements have led to
severe adverse events, including anaphylaxis and death, that
are tragic and can erode trust in vaccines [36]. Accidental
needle-sticks and needle reuse as well as mishandling of
syringes and needles can result in sharps injuries and inad-
vertent transmission of bloodborne pathogens and disease.

Delivery strategies for measles and rubella
vaccination

In 1997, after experiencing challenges to measles elimina-
tion efforts due to the logistical constraints of using cur-
rently available MR vaccines, a comprehensive review was
published by Cutts et al. that summarized previous studies
of measles vaccine serological responses after intradermal,
conjunctival, oral, aerosol, and intranasal administration
[37]. The review was informed by a wealth of programmatic
field experience and lessons learned. Using injectable vac-
cines during mass campaigns was found to be logistically
challenging and resource-intensive compared with using oral
vaccines such as OPV that can be simply administered by
non-skilled volunteers. Also, the use of needle and syringe
for MR vaccine delivery increased cost and requirements for
safe disposal and introduced the risk for needlestick injuries
and inadvertent transmission of pathogens during campaigns
and in routine immunization clinics. The review concluded
that further clinical trials should be conducted to evaluate
comparative responses to aerosolized, intranasal, and sub-
cutaneous vaccine [37]. Early efforts focused on develop-
ment of an aerosolized measles vaccine; however, inhala-
tion devices that had to fit over the nose and mouth created
practical logistical challenges for administration in young
infants and ultimately a phase 3 clinical trial in 2010 found
suboptimal immunogenicity [38]. There is still a need for an
alternative vaccine delivery system that simplifies logistics
and provides non-inferior immunogenicity compared with
the current methods. Today, the most promising alternative
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delivery method for vaccination is subcutaneous delivery
using small adhesive patches that insert an array of hundreds
to thousands of micro-projections with vaccine into the skin
when applied; these are generally referred to as microneedle
patches or microarray patches (MAPs) [39].

Micro-array patches (MAPs): a leading
technology for global vaccination

The huge advantages of MAPs compared with current meth-
ods for vaccination are now widely recognized by all immu-
nization partners [40-42]. MAPs offer thermostability that
would untether the vaccine from the strict continuous cold
chain requirements and extend vaccination services to rural
communities and hard-to-reach areas (Table). That huge
advantage, along with completely removing the need for
needle and syringe subcutaneous injection, makes MAPs
a complete game-changer for increasing vaccination cov-
erage and elimination efforts. The lack of sharps waste,
reduced cold chain requirements, and simplified logistics
allowing for administration by community volunteers will
greatly facilitate routine outreach services and mass vacci-
nation campaigns with house-to-house vaccination that are
periodically needed in areas where systems fail to routinely
reach everyone. MAPs have been in development by many
academic and biotech laboratories for more than two dec-
ades, and there have been at least 31 published randomized
controlled trials including two phase 3 clinical trials (para-
thyroid hormone for osteoporosis and zolmitriptan for acute
migraine) evaluating MAPs for drug delivery [43]. However,
only a few candidate vaccine MAPs have entered human
clinical studies [39].

The recent alignment of priorities and investments
among immunization partners for innovations is truly
inspiring and could lead to the further development,
licensure, and global use of this important new tool that
enhances global public health work to save lives [44].
In 2015, the BMGF sponsored a meeting in Geneva that
brought together immunization partners, patch developers,
regulators, and large pharmaceutical companies to further
understand the critical pathway from preclinical develop-
ment and clinical trials to licensure and manufacturing. In
2016, after reviewing pre-clinical assessment results and
potential impact on increasing access to vaccinations and
reducing missed opportunities for vaccination, the WHO
SAGE recommended that the most expeditious clinical
development and regulatory pathway to licensure of MR
MAPs be determined and that barriers to the development,
licensure, and use of MAPs for MR vaccine delivery be
identified and addressed urgently [45]. CDC has supported
development of this vaccination technology through ongo-
ing public—private partnerships for more than a decade,
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initially for IPV, measles vaccine, and measles-rubella
vaccine, and later for several additional vaccines.

In 2018, the Gavi Secretariat, WHO, BMGF, UNICEEF,
and PATH established the Vaccine Innovation Prioritisation
Strategy (VIPS) Alliance to develop a framework to evalu-
ate, prioritize, and drive forward vaccine product innovations
[46]. VIPS conducted a process to identify and prioritize
the top three vaccine product innovations with the greatest
potential to achieve vaccination coverage equity and improve
immunization systems. VIPS identified [1] MAPs, [2] heat-
stable formulations for controlled temperature chain, and [3]
barcoding on primary containers as the top three priorities
[46]. They concluded that MAPs were the highest priority
as they are potentially “transformational” innovations that
could overcome immunization barriers identified by low-
and middle-income countries [46]. In 2019, PATH estab-
lished a Center of Excellence for Microarray Patch Technol-
ogy as a four-year initiative to mobilize efforts to accelerate
the development of MAPs to meet global public health needs
and a Regulatory Working Group to identify target product
profiles and standards for regulatory filings and assess MAPs
manufacturing methods [47].

Also in 2018, the WHO Immunization Practices Advi-
sory Committee formed the Measles-Rubella MAP Work-
ing Group [48] that developed a defined target product
profile as a guide for MR vaccine patch developers [49].
In 2016, BMGF issued a solicitation for proposals to
develop MR MAPs and awarded grants to the Georgia
Tech—-CDC—-Micron Biomedical collaboration, to Vaxxas,
and to Vaxess Technologies. The first two of these groups
have moved ahead and started first-in-human phase 1 clini-
cal trials with preliminary results expected in 2022. The
Micron Biomedical MR patch is currently in a phase 1/2
clinical trial underway at the Medical Research Council in
The Gambia. Other MAPs for IPV, human papilloma virus,
rabies, rotavirus, and hepatitis B vaccines tetanus toxoid,
Bacille Calmette-Guérin, diphtheria, and anthrax are in
preclinical development [39, 49-52]. With recognition that
vaccine MAPs would be a powerful tool for pandemic pre-
paredness and response, two successful phase 1 clinical tri-
als of seasonal influenza MAP vaccines were completed,
one by Micron Biomedical and one by Vaxxas [50, 53].
A SARS-CoV-2 MAP is in pre-clinical development, and
MAPs for other new vaccines for potential emerging patho-
gens are being considered. For translational innovations to
succeed, partnerships between technology developers and
public health program implementers should start early in
the development pathway. This will ensure that products
are fit-for-purpose, investment cases are clear, and advo-
cacy reaches the right places to make the critical pathway
to product licensure efficient and without delay.

These promising translational innovations highlight the
power of partnerships, including early close collaboration
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between novel drug delivery technology developers and pub-
lic health program implementers and leaders; the impor-
tance of having clear goals and an established organiza-
tional vision statement; and the need for steadfast pursuit
of that vision, especially during times when experiencing
setbacks. Ongoing global efforts to eliminate measles and
rubella would be greatly facilitated by the availability of
MR MAPs, enhancing efforts to increase vaccination cov-
erage and equity, particularly in settings where children are
in greatest need. MAPs have the potential to enhance all
immunizations strategies, not only the house-to-house cam-
paigns in hard-to-reach areas and outbreak response, but also
in routine clinics for ongoing immunization services deliv-
ery. MAPs have the potential to significantly contribute to
IA2030 priorities including increasing vaccine access and
demand, coverage, and equity with vaccinations across the
life-course, and reaching zero-dose children to ensure that
no one gets left behind [21, 24, 46]. The successful use of
MR MAPs also could kick open the door for other vaccine
MAPs that are in the development pipeline. There is plenty
more work to be done including careful evaluation of safety
and immunogenicity of MR MAPs. If proven to be safe and
effective, then large investments and commitments will be
needed for manufacturing plants for mass production to
establish a predictable and sustainable global supply. These
hurdles to realizing a potentially transformational innova-
tion can be cleared with strong partnerships between vac-
cine delivery technology developers, public health agencies,
and donors to work on important global health problems
and find solutions like the promising MR MAPs that could
propel efforts toward achieving measles and rubella elimina-
tion goals. These partnerships for improved vaccine delivery
are essential for efforts to ensure everyone, everywhere, at
every age, fully benefits from vaccinations for good health
and well-being [21, 24, 46].

References

1. Diix A, Lequime S, Patrono LV, Vrancken B, Boral S, Gogarten JF,
et al. Measles virus and rinderpest virus divergence dated to the sixth
century BCE. Science (New York, NY). 2020;368(6497):1367-70.

2. Cliff. Measles: an historical geography of a major human viral
disease from global expansion to local retreat, 1840—-1990.

3. Diamond J. Guns, germs, and steel: the fates of human societies.

4. Rota PA, Moss WIJ, Takeda M, de Swart RL, Thompson KM,
Goodson JL. Measles Nat Rev Dis Primers. 2016;14(2):16049.

5. Enders JF. Propagation in tissue cultures of cytopathogenic
agents from patients with measles. Proc Soc Exp Biol Med.
1954;86(2):277-86.

6. World Health Organization (WHO). Rubella vaccines: WHO posi-
tion paper. Wkly Epidemiol Rec. 2011;86:301-16.

7. Orenstein WA, Halsey NA, Hayden GF, Eddins DL, Conrad
JL, Witte JJ, et al. From the Center for Disease Control: current

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

status of measles in the United States, 1973—1977. J Infect Dis.
1978;137(6):847-53.

Strebel PM, Papania MJ, Gastafiaduy PA, Goodson JL. Mea-
sles Vaccines. In: Plotkin S, Orenstein W, Offit P, Edwards KM,
editors. Vaccines. 7th ed. Philadelphia, PA: Elisevier; 2018. p.
579-618.

Gastanaduy PA, Goodson JL, Panagiotakopoulos L, Rota PA,
Orenstein WA, Patel M. Measles in the 21st century: progress
toward achieving and sustaining elimination. J Infect Dis.
2021;224(Suppl 4):S420-8.

Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL,
et al. Global, regional, and national causes of under-5 mortality
in 2000-19: an updated systematic analysis with implications for
the Sustainable Development Goals. Lancet Child Adolesc Health.
2021.

World Health Organization. Proceedings of the global technical
consultation to assess the feasibility of measles eradication, 28—-30
July 2010. J Infect Dis. 2011;204(Suppl 1):S4-13.

Henderson DA. The eradication of smallpox — an overview of the
past, present, and future. Vaccine. 2011;29:D7-9.

Okwo Bele J-M, Cherian T. The expanded programme on immu-
nization: a lasting legacy of smallpox eradication. Vaccine.
2011;29(Suppl 4):D74-9.

Muhoza P, Danovaro-Holliday MC, Diallo MS, Murphy P, Sodha
SV, Requejo JH, et al. Routine vaccination coverage — worldwide,
2020. MMWR Morb Mortal Wkly Rep. 2021;70(43):1495-500.
Breman JG, de Quadros CA, Dowdle WR, Foege WH, Henderson
DA, John TJ, et al. The role of research in viral disease eradication
and elimination programs: lessons for malaria eradication. PLoS
Med. 2011;8(1):e1000405.

Rutter PD, Donaldson LJ. Oversight role of the independent moni-
toring board of the global polio eradication initiative. J Infect Dis.
2014;210(Suppl 1):S16-22.

. Bahl S, Verma H, Bhatnagar P, Haldar P, Satapathy A, Kumar KN,

et al. Fractional-dose inactivated poliovirus vaccine immunization
campaign — Telangana State, India, June 2016. MMWR Morb
Mortal Wkly Rep. 2016;65(33):859-63.

Takahashi S, Metcalf CJE, Ferrari MJ, Tatem AJ, Lessler J. The
geography of measles vaccination in the African Great Lakes
region. Nat Commun. 2017;8:15585.

Cochi S, Freeman A, Guirguis S, Jafari H, Aylward B. Global
polio eradication initiative: lessons learned and legacy. J Infect
Dis. 2014;210(Suppl 1):S540-6.

Strebel PM, Cochi SL, Hoekstra E, Rota PA, Featherstone
D, Bellini WJ, et al. A world without measles. J Infect Dis.
2011;204(Suppl 1):S1-3.

The Measles and Rubella Initiative. http://www.measlesrubellainitiative.
org/. (Accessed 15 Jan 2022). The Measles & Rubella Initiative, 2001.
World Health Organization. Global Vaccine Action Plan 2011—
2020. https://www.who.int/teams/immunization-vaccines-and-
biologicals/strategies/global-vaccine-action-plan. (Accessed 15
Jan 2022). Geneva, Switzerland: World Health Organization,
2012.

Patel MK, Goodson JL, Alexander JP Jr, Kretsinger K, Sodha
SV, Steulet C, et al. Progress Toward Regional Measles Elimina-
tion - Worldwide, 2000-2019. MMWR Morb Mortal Wkly Rep.
2020;69(45):1700-5.

World Health Organization. Immunization Agenda 2030
(IA2030). https://www.who.int/teams/immunization-vaccines-
and-biologicals/strategies/ia2030. (Accessed 15 Jan 2022).
Geneva, Switzerland: World Health Organization, 2020.
Lindstrand A, Cherian T, Chang-Blanc D, Feikin D, O’Brien KL.
The world of immunization: achievements, challenges, and stra-
tegic vision for the next decade. J Infect Dis. 2021;224(Suppl
4):5452-67.

@ Springer


http://www.measlesrubellainitiative.org/
http://www.measlesrubellainitiative.org/
https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/global-vaccine-action-plan
https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/global-vaccine-action-plan
https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/ia2030
https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/ia2030

966

Drug Delivery and Translational Research (2022) 12:959-967

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Goodson JL. Recent setbacks in measles elimination: the impor-
tance of investing in innovations for immunizations. Pan Afr Med
J.2020;35:15.

Dabbagh A, Patel M, Dumolard L, Gacic Dobo M, Mulders M,
Okwo Bele J-M, et al. Progress toward regional measles elimina-
tion - worldwide, 2000-2016. MMWR Morb Mortal Wkly Rep.
2017;66(42):1148-53.

Dixon MG, Ferrari M, Antoni S, Li X, Portnoy A, Lambert B, et al.
Progress toward regional measles elimination - worldwide, 2000—
2020. MMWR Morb Mortal Wkly Rep. 2021;70(45):1563-9.
World Health Organization. Global measles and rubella strategic
plan 2012-2020. https://apps.who.int/iris/bitstream/handle/10665/
44855/9789241503396_eng.pdf;sequence=1. (Accessed 15 Jan
2022). Geneva, Switzerland: World Health Organization, 2012.
WHO. Measles and rubella strategic framework: 2021-2030.
https://www.who.int/publications/i/item/measles-and-rubella-
strategic-framework-2021-2030. (Accessed 15 Jan 2022). Geneva,
Switzerland: World Health Organization, 2020.

Kriss JL, Grant GB, Moss WJ, Durrheim DN, Shefer A, Rota PA,
et al. Research priorities for accelerating progress toward measles
and rubella elimination identified by a cross-sectional web-based
survey. Vaccine. 2019;37(38):5745-53.

Grant GB, Masresha BG, Moss WJ, Mulders MN, Rota PA,
Omer SB, et al. Accelerating measles and rubella elimination
through research and innovation — findings from the Measles &
Rubella Initiative research prioritization process, 2016. Vaccine.
2019;37(38):5754-61.

Muller CP, Kremer JR, Best JM, Dourado I, Triki H, Reef S, et al.
Reducing global disease burden of measles and rubella: report of
the WHO Steering Committee on research related to measles and
rubella vaccines and vaccination, 2005. Vaccine. 2007;25(1):1-9.
Goodson JL, Chu SY, Rota PA, Moss WJ, Featherstone DA,
Vijayaraghavan M, et al. Research priorities for global measles and
rubella control and eradication. Vaccine. 2012;30(32):4709-16.
Ford AQ, Touchette N, Hall BF, Hwang A, Hombach J. Global
vaccine and immunization research forum: opportunities and chal-
lenges in vaccine discovery, development, and delivery. Vaccine.
2016;34(13):1489-95.

United Nations. UN News: Global perspective human stories.
UN agencies shocked and saddened by vaccination deaths
in Syria. https://news.un.org/en/story/2014/09/477882-un-
agencies-shocked-and-saddened-vaccination-deaths-syria.
(accessed 15 Jan 2022). 2014.

Cutts FT, Clements CJ, Bennett JV. Alternative routes of measles
immunization: a review. Biologicals. 1997;25(3):323-38.

Low N, Bavdekar A, Jeyaseelan L, Hirve S, Ramanathan K,
Andrews N, et al. A randomized, controlled trial of an aerosolized
vaccine against measles. N Engl J Med. 2015;372(16):1519-29.
Badizadegan K, Goodson JL, Rota PA, Thompson KM. The poten-
tial role of using vaccine patches to induce immunity: platform
and pathways to innovation and commercialization. Expert Rev
Vaccines. 2020;19(2):175-94.

Durrheim DN, Goodson JL. Time for an immunisation paradigm
shift. Trans R Soc Trop Med Hyg. 2017;111(2):41-2.

The 2nd global vaccine and immunization research forum (GVIRF).
An Emerging Vaccine Delivery Technology for Measles and

@ Springer

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Rubella Elimination. https://www.who.int/immunization/research/
forums_and_initiatives/4_JGoodson_emerging_vaccine_delivery_
technology_gvirf16.pdf. (Accessed 15 Jan 2022). Johannesburg,
South Africa, 2016a.

The 2nd global vaccine and immunization research forum
(GVIRF). New Technologies to Support Measles Elimina-
tion. https://www.who.int/immunization/research/forums_and_
initiatives/gvirf/Plenary5_Measles.pdf?ua=1. (Accessed 15 Jan
2022). Johannesburg, South Africa, 2016.

Jeong SY, Park JH, Lee YS, Kim YS, Park JY, Kim SY. The cur-
rent status of clinical research involving microneedles: a system-
atic review. Pharmaceutics. 2020;12(11).

Prausnitz MR, Goodson JL, Rota PA, Orenstein WA. A micronee-
dle patch for measles and rubella vaccination: a game changer for
achieving elimination. Curr Opin Virol. 2020;41:68-76.

World Health Organization. Meeting of the strategic advisory
group of experts on immunization, October 2016 - conclusions
and recommendations. Wkly Epidemiol Rec. 2016;91(48):561-82.
Gavi, the Vaccine Alliance. Vaccine microarray patches (MAPs):
public summary of the VIPS Alliance Action Plan. Alliance
Action Plan for microarray patches (gavi.org). (Accessed 15 Jan
2022). 2021.

PATH. The PATH center of excellence for microarray patch
technology. PATH, Seattle, WA (2019) https://www.path.org/
resources/path-center-excellence-microarray-patch-technology/.
(Accessed 15 Jan 2022). 2019.

Giersing BK, Kahn A-L, Jarrahian C, Mvundura M, Rodriguez C,
Okayasu H, et al. Challenges of vaccine presentation and deliv-
ery: how can we design vaccines to have optimal programmatic
impact?. Vaccine. 2017;35(49, Part A):6793-7.

Edens C, Collins ML, Goodson JL, Rota PA, Prausnitz MR. A
microneedle patch containing measles vaccine is immunogenic
in non-human primates. Vaccine. 2015;33(37):4712-8.
Rouphael NG, Paine M, Mosley R, Henry S, McAllister DV,
Kalluri H, Pewin W, TIV-MNP 2015 Study Group, et al. The
safety, immunogenicity, and acceptability of inactivated influenza
vaccine delivered by microneedle patch (TIV-MNP 2015): a ran-
domised, partly blinded, placebo-controlled, phase 1 trial. Lancet.
2017;390(10095):649-58.

AryaJ, Henry S, Kalluri H, McAllister D, Pewin W, Prausnitz M.
Tolerability, usability and acceptability of dissolving microneedle
patch administration in human subjects. Biomaterials. 2017;128:1-7.
Peyraud N, Zehrung D, Jarrahian C, Frivold C, Orubu T, Giersing
B. Potential use of microarray patches for vaccine delivery in low-
and middle- income countries. Vaccine. 2019;37(32):4427-34.
Fernando GJP, Hickling J, Jayashi Flores CM, Griffin P, Anderson
CD, Skinner SR, et al. Safety, tolerability, acceptability and immu-
nogenicity of an influenza vaccine delivered to human skin by a
novel high-density microprojection array patch (Nanopatch™).
Vaccine. 2018;36(26):3779-88.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://apps.who.int/iris/bitstream/handle/10665/44855/9789241503396_eng.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44855/9789241503396_eng.pdf;sequence=1
https://www.who.int/publications/i/item/measles-and-rubella-strategic-framework-2021-2030
https://www.who.int/publications/i/item/measles-and-rubella-strategic-framework-2021-2030
https://news.un.org/en/story/2014/09/477882-un-agencies-shocked-and-saddened-vaccination-deaths-syria
https://news.un.org/en/story/2014/09/477882-un-agencies-shocked-and-saddened-vaccination-deaths-syria
https://www.who.int/immunization/research/forums_and_initiatives/4_JGoodson_emerging_vaccine_delivery_technology_gvirf16.pdf
https://www.who.int/immunization/research/forums_and_initiatives/4_JGoodson_emerging_vaccine_delivery_technology_gvirf16.pdf
https://www.who.int/immunization/research/forums_and_initiatives/4_JGoodson_emerging_vaccine_delivery_technology_gvirf16.pdf
https://www.who.int/immunization/research/forums_and_initiatives/gvirf/Plenary5_Measles.pdf?ua=1
https://www.who.int/immunization/research/forums_and_initiatives/gvirf/Plenary5_Measles.pdf?ua=1
https://www.path.org/resources/path-center-excellence-microarray-patch-technology/
https://www.path.org/resources/path-center-excellence-microarray-patch-technology/

Drug Delivery and Translational Research (2022) 12:959-967

967

James Goodson worked clinically
as a registered nurse for 10 years
in the U.S. before graduating
from Johns Hopkins University
with a Master of Public Health in
Epidemiology and International
Humanitarian Assistance in
2001. He then worked with
Meédecins Sans Frontieéres (MSF)
and the International Federation
of Red Cross and Red Crescent
Societies (IFRC). Starting in
2006, he served in the Epidemic
Intelligence Service (EIS) at the
U.S. Centers for Disease Control
and Prevention (CDC) and is
currently a Senior Scientist and Epidemiologist in the Global Immuni-
zation Division at CDC. He has traveled and worked in more than 70
countries, primarily supporting immunizations service delivery, con-
ducting outbreak investigations, and leading research to support disease
eradication and elimination programs. He is a measles subject matter
expert and has worked extensively on rubella and polio. He has led the
global research and innovations work for the Measles & Rubella Initia-
tive (M&RI). His key primary area of research is the development of a
microneedle patch vaccine for measles and rubella.

Dr. Paul Rota is the Chief for the
Viral Vaccine Preventable Dis-
eases Branch (VVPDB), Divi-
sion of Viral Diseases, Centers
for Disease Control and Preven-
tion (CDC), Atlanta, GA. He is
also an Adjunct Professor at
Emory University, Atlanta, GA
and at the University of Georgia,
Athens, GA. He is a member of
American Association for the
Advancement of Science, Amer-
ican Society for Microbiology
and American Society for Virol-
ogy. Dr. Rota is a subject matter
expert for measles, mumps, and
rubella and has been working in
the CDC Measles Laboratory since 1991. One of his major responsi-
bilities is to support laboratory-based surveillance for measles and
rubella on a global scale. Dr. Rota’s main research interest is develop-
ment of a microneedle patch vaccine for measles and rubella.

@ Springer



	Innovations in vaccine delivery: increasing access, coverage, and equity and lessons learnt from measles and rubella elimination
	Abstract
	The context
	Effective approaches for improving global vaccination
	Measles and rubella elimination goals and strategic frameworks
	Limitations for measles and rubella vaccination
	Delivery strategies for measles and rubella vaccination
	Micro-array patches (MAPs): a leading technology for global vaccination
	References


