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Review

Abstract
The African Region is committed to measles elimination by 2020 but 
coverage with the first dose of measles-containing vaccine was only 
70% in 2017. Several obstacles to achieving high coverage with measles 
and rubella vaccines exist, some of which could be overcome with new 
vaccine delivery technologies. Microarray array patches (MAPs) are 
single-dose devices used for transcutaneous administration of molecules, 
including inactivated or attenuated vaccines, that penetrate the outer 
stratum corneum of the skin, delivering antigens to the epidermis or 
dermis. MAPs to deliver measles and rubella vaccines have the potential 
to be a transformative technology to achieve elimination goals in the 
African Region. MAPs for measles and rubella vaccination have been 
shown to be safe, immunogenic and thermostable in preclinical studies 
but results of clinical studies in humans have not yet been published. 
This review summarizes the current state of knowledge of measles and 
rubella MAPs, their potential advantages for immunization programs in 
the African Region, and some of the challenges that must be overcome 
before measles and rubella MAPs are available for widespread use.

Introduction
Global measles vaccination coverage with the first dose of measles-
containing vaccine (MCV1) has stagnated at about 85% for the past 
decade and global goals for reductions in measles incidence and 
mortality were not met [1]. Although the Region of Americas eliminated 
measles and rubella (the Americas lost their measles elimination status 
in 2018), no other World Health Organization (WHO) region has achieved 
measles elimination despite goals to do so by 2020 or earlier [2]. In 
2011, the WHO African Region established a goal to eliminate measles 
by 2020 [3], but MCV1 coverage in 2017 was only 70% [2], far lower 
than what is needed for elimination. Numerous obstacles to measles 
and rubella elimination exist, including conflict, weak immunization 
systems, insufficient political will and resources and loss of confidence 
in vaccines leading to decreased demand. Despite regional differences 
in the underlying causes, the fundamental problem is the same across 
the globe: failure to achieve high coverage (> 95%) with two doses of 
measles vaccine. However, the tools to achieve high measles vaccine 
coverage have not changed much over the past several decades and 
better vaccine delivery platforms would be beneficial [4]. The only major 
advance in vaccine delivery since the beginning of the Expanded Program 
on Immunization in 1974 was the introduction of non-reusable syringes 
in 2000 [5].
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Methods
We reviewed the published literature on microarray and microneedle 
patches for vaccine-preventable diseases, with a focus on measles and 
rubella vaccines. We did not conduct a systematic review of the literature.

 

Current status of knowledge
Microarray patches

Microarray array patches (MAPs), also known as microneedle patches, are 
single-dose devices used for transcutaneous administration of molecules, 
including inactivated or attenuated vaccines, that penetrate the outer 
stratum corneum of the skin, delivering antigens to the epidermis 
or dermis [6-8]. MAPs consist of an array of dozens to thousands of 
micron-sized needles on an adhesive backing (Figure 1). The needles 
may be solid or hollow, and coated or filled with the vaccine antigens. 
They can be fabricated from a variety of different materials, including 
polymers, colloidal silica, ceramics, steel, glass, sugar, hydrogel or 
alumina. Some array materials, such as polymers, are dissolvable on 
the skin and polymer blends mixed with vaccine antigens can deliver 
vaccine antigens to the dermis as they dissolve [9]. MAPs have the 
potential to be a transformative technology to substantially increase 
measles and rubella vaccination coverage, achieve regional elimination 
goals and facilitate global measles and rubella eradication [5, 7, 8]. MAPs 
offer several potential operational advantages when used for vaccine 
delivery, including thermostability, improved acceptance, decreased risk 
of infection, ease of administration, reduced supply chain requirements 
and medical waste and dose sparing. A critical advantage is the potential 
improved thermostability of vaccine antigens presented using MAPs 
because of the use of lyophilized vaccine. Enhanced thermostability could 
reduce cold chain requirements, minimize loss of vaccine potency and 
facilitate vaccine delivery in remote rural areas.

Due to the potential for non-painful administration of vaccine antigens 
(by not stimulating pain receptors deeper within the skin), acceptability 
may be improved, especially among children. Although data on the 
acceptability of actual vaccination with MAPs are not yet available, end-
user acceptability of a MAP for child immunization was evaluated in a 
multi-country study of 314 participants in Benin, Nepal and Vietnam 
using simulated vaccine administration and in-depth interviews [10]. 
Overall acceptability was 92.7%, but participants recommended that 
the technology first be introduced at healthcare facilities to establish 
confidence prior to use for outreach vaccination. In an unpublished study 
conducted in Ghana, simulated use of a dissolvable MAP by health care 
workers to vaccinate children and adult women demonstrated acceptability 
and feasibility, although the time needed to monitor complete vaccine 
delivery was noted as a potential operational challenge [8]. Another study 
examined the usability and acceptability of self-administered MAPs [11]. 
Participants received placebo MAPs three times by self-administration 
and once by an investigator, in addition to an intramuscular injection of 
saline to simulate standard vaccination practices. Self-administration was 

delivered by thumb pressure or a snap-based device. The best usability, 
as measured by skin staining, was seen with the snap device, with users 
inserting a median value of 93-96% of microarrays over three repetitions. 
Most participants (64%) expressed a preference for self-vaccination with 
MAPs. 

Decreased risk of infection could result from the shallow penetration of 
the microarray needles, as well as the inability of MAPs to be refilled or 
reused [12]. The delivery technique is easy, requiring minimal training for 
administration. Importantly, persons not trained as healthcare workers may 
be able to safely and effectively administer MAPs, facilitating vaccination 
during mass vaccination campaigns (supplementary immunization 
activities), outbreaks and in disordered settings such as areas of conflict 
and other humanitarian emergencies. The logistical requirements for 
distribution and administration, from supply chain to disposal, may be 
reduced with MAPs. The volume and weight of shipments for distribution 
are expected to be lower than most current vaccine products, as no 
additional materials (e.g. needles, syringes, diluent for reconstitution) 
are required. Using HERMES modeling software, a simulation study was 
conducted to assess the impact of MAPs on routine vaccine supply chains 
in Benin, Bihar and Mozambique [13]. The conclusion was that a MAP 
would need to have a smaller or equal volume-per-dose than existing 
vaccine formulations and be able to be stored outside the cold chain for 
a continuous period of at least two months to provide additional benefits 
to these supply chains. Because no reconstitution is needed, cold chain 
requirements are expected to be further lowered and vaccine wastage 
should be reduced. Hazardous waste also is reduced, as no sharps or 
biohazardous materials remain after administration. There is potential for 
the complete absence of biohazardous waste, as dissolvable MAPs are 
made with water-soluble materials that release vaccine on dissolution [7]. 
Delivery of vaccine antigens through MAPs may improve immunogenicity, 
including more robust antibody and cellular response and longer duration 
of immunity, in part because of the presence of large numbers of antigen-
presenting cells in the dermis and epidermis (e.g. dendritic cells) [7]. The 
potential enhanced immunogenicity of MAP vaccines could result in dose 
sparing, reducing the cost. 

Studies of vaccine delivery using MAPs

Vaccines delivered through MAPs have undergone preclinical development 
and testing over the past decade in animal models for several vaccine-
preventable diseases, including inactivated poliovirus vaccination in 
rhesus macaques [14], hepatitis B virus vaccination in mice and rhesus 
macaques [15], rabies virus vaccination in dogs [16], glycoprotein 
subunit Ebola virus vaccination in mice [17], formalin-inactivated 
respiratory syncytial virus vaccination in mice [18] and tetanus toxoid in 
pregnant mice [19]. Several of these MAP formulations were shown to 
have increased thermostability compared to currently used vaccines [20]. 
Although no microarray vaccines have yet been approved by the U.S. 
Food and Drug Administration (FDA), an FDA-approved solid microarray 
device can be purchased without vaccine or active ingredient. Much of 
the published studies using MAPs for vaccine delivery have examined the 
immunogenicity, safety and thermostability of influenza vaccines [21-24], 
in part because of the potential market in high-income countries. As an 
example, dissolving polymer microarray patches were shown in mice to 
induce antibody and cellular immune responses that provided protection 
against lethal challenge [22]. Vaccination using dissolvable MAPs resulted 
in more efficient viral clearance from the lung and enhanced cell-mediated 
recall responses after viral challenge than standard vaccination, evidence 
of enhanced immunogenicity when vaccine antigens are delivered into 
the dermis using MAPs. 

Importantly, several published studies investigated influenza vaccination 
using MAPs in humans. A randomized, partly blinded, placebo-controlled, 
phase 1, clinical trial enrolled 100 non-pregnant, immunocompetent 
adults aged 18-49 years [25]. Participants were randomly assigned to 
four groups and received a single dose of inactivated influenza vaccine 
by MAP or intramuscular injection, or placebo by MAP, by an unmasked 
health-care worker. A fourth group received a single dose of inactivated 
influenza vaccine by MAP self-administered by study participants. The 
incidence of adverse events was similar across the vaccinated groups and 
consisted of mild tenderness (60%) and pain (44%) after intramuscular 
injection, and tenderness (66%), erythema (40%) and pruritus (82%) 
after vaccination by MAP. Geometric mean antibody titers and the 
proportion of participants who seroconverted were similar at day 28 
between those who received influenza vaccination by MAP, including 
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Figure 1: coated and dissolvable microarray patches for delivery of 
measles and rubella vaccines; APC: antigen presenting cell
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those who self-administered the patch, compared to intramuscular 
administration. 

A second randomized, partly-blinded, placebo-controlled trial of influenza 
vaccination in healthy human volunteers was reported using a different 
MAP (NanopatchTM) [26]. Similar antibody responses were observed 
between those receiving influenza vaccinations, although sample sizes 
were small and adverse reactions were reported as mild or moderate. 
This included pruritis at the site of application, a potential adverse event 
related to MAPs that is likely due to the vaccine antigen or formulation. 
The cost-effectiveness of MAPs for influenza vaccination was evaluated 
in several published studies. A transmission model was coupled to an 
economic influenza outcomes model to assess the economic value of 
MAPs for influenza vaccination in the United States [27]. The model 
suggested that MAPs would be cost-effective or dominant (i.e., less costly 
and more effective) when administered by health care workers, and 
also cost-effective when self-administered if they increased compliance 
sufficiently to overcome any potential reduction in efficacy due to self-
administration. Another study examined potential clinical outcomes and 
direct medical costs of an influenza vaccination program offering a MAP 
vaccine to children who declined intramuscular vaccine administration in 
Hong Kong [28]. These studies suggest the potential for MAPs to be cost-
effective for influenza vaccination, but the full potential will not be known 
until MAPs are introduced into practice. 

Measles and rubella vaccination using MAPs

An early study of transcutaneous measles vaccination using a patch 
in human adult volunteers failed to show induction of neutralizing 
antibodies, potentially due to the administration method or vaccine 
dose delivered [29]. However, several published studies have since 
demonstrated the immunogenicity of measles vaccination using MAPs in 
animal models. Although different measles MAPs have been developed 
and tested, the most promising consists of 100 microscopic water-soluble 
polymer cones, each the width of a human hair, that contain currently 
available, lyophilized, attenuated measles vaccine and that dissolve 
into the skin within several minutes of application. Following studies 
showing immunogenicity and safety in cotton rats [30], measles vaccine 
delivered via polymeric microarrays was shown to be immunogenic in 
rhesus macaques [31]. The dissolvable MAPs included the encapsulated, 
standard dose of the Edmonston-Zagreb vaccine strain (1000 TCID50) 
applied for 10 minutes, resulting in production of neutralizing antibody 
titers equivalent to those generated following standard subcutaneous 
vaccine administration with no adverse events except mild skin erythema. 
Importantly, the measles MAP demonstrated thermostability at 4-8oC for 
four months without unacceptable loss of potency, evidence of enhanced 
thermostability. 

Because of the programmatic importance of concurrent administration of 
measles and rubella vaccines, a monovalent measles vaccine delivered 
by a MAP is unlikely to be widely used. Importantly, immunogenicity and 
safety were also demonstrated using the same MAP to deliver combined 
measles (Edmonston-Zagreb strain) and rubella (RA-27 strain) virus 
antigens in infant rhesus macaques [32]. Protective neutralizing antibody 
titers were detected in all infant macaques following vaccination with 
the measles-rubella MAP but in only 75% of infant macaques following 
subcutaneous vaccination, again evidence of enhanced immunogenicity. 
These antibody titers resulted in protection against wild-type measles 
virus challenge. Rubella neutralizing antibody titers were >10 IU/mL, the 
minimum protective level, for both groups of infant macaques. However, 
protective titers against measles were not achieved following either 
MAP or subcutaneous vaccine administration in macaques pretreated 
with immunoglobulin, simulating maternal antibodies, suggesting MAPs 
are not able to overcome the inhibitory effect of pre-existing, maternal 
neutralizing antibodies. These MAPs dissolved completely upon skin 
penetration and were thermostable for one month at 40oC, exceeding 
World Health Organization stability requirements. No adverse effects 
were noted. 

The potential cost-effectiveness of a measles MAP was assessed using a 
spreadsheet model to compare the vaccination costs of MAPs with vaccine 
administration through needles and syringes, assuming MAPs would be 
more thermostable with less requirements for a cold chain [33]. Measles 
MAPs were estimated to cost US$0.95 per dose compared with US$1.65 
for standard measles vaccine administered subcutaneously. Assuming 
these costs and 95% measles vaccine coverage with the first measles 

vaccine dose, MAPs were estimated to cost US $1.66 per measles case 
averted compared to US $2.64 per case averted with subcutaneous 
vaccination. The cost-effectiveness of MAPs will ultimately depend on 
cost, acceptability and effectiveness when implemented in immunization 
programs.
 
MAPs for measles vaccination in Africa

The use of MAPs for administration of measles and rubella vaccines in 
Africa could be particularly advantageous and potentially transformative 
[7, 8]. First, increased thermostability of a measles-rubella MAP could 
reduce cold chain requirements and facilitate transportation of the 
vaccine to remote areas in rural sub-Saharan Africa. Second, a measles-
rubella MAP could be administered by minimally trained personnel (or 
even self-administered), making house-to-house measles and rubella 
vaccination campaigns possible using community health workers or 
other trained community members. Third, a measles-rubella MAP would 
not require reconstitution, obviating the need for needles and syringes 
and eliminating human error in reconstitution of the lyophilized vaccine 
(e.g. use of the incorrect diluent or volume, or bacterial contaminated 
diluent). Fourth, a measles-rubella MAP would overcome hesitation in 
opening a multidose vaccine for one or a few children, minimizing missed 
opportunities for vaccination and vaccine wastage. Fifth, a measles-
rubella MAP would eliminate needle stick injuries and reuse of needles 
and syringes. Sixth, a dissolvable measles-rubella MAP would minimize 
biohazardous medical waste. Seventh, supply chain requirements could 
be reduced, due to lower cargo weight (no glass vials), lower cold chain 
volumes, and no need for consumable compatibility (e.g. needles and 
syringes that are compatible). Lastly, a painless measles-rubella MAP 
could improve acceptability in some communities. 

The future of MAPs

Despite the potential advantages of MAPs for delivery of measles and 
rubella vaccines in sub-Saharan Africa, several challenges must be 
overcome before MAPs could be available for widespread use. The 
most significant obstacle relates to the value proposition of MAPs for 
measles and rubella vaccine delivery given the costs of development, 
manufacturing and use in immunization programs [8]. Thus, the product 
attributes of MAPs will need to confer substantial advantages to justify 
these investments, with a clear market demand to demonstrate the 
return on investment. MAPs can currently be produced on a small scale to 
support evaluation in early phase clinical trials but large scale production 
under Good Manufacturing Production (GMP) conditions will require a 
significant investment and several years from planning to production 
[8]. A key issue is whether MAPs need to be manufactured aseptically, 
as they are ultimately applied under non-sterile conditions, or whether 
demonstrated safety with low bioburden material would be acceptable 
[8]. Whether the investment in large-scale production facilities occurs 
concurrently with clinical trials of safety and efficacy, or is delayed until 
after phase 3 clinical trials are completed, will strongly determine the 
timeline as to when MAPs could be available for use in Africa. 

There are also regulatory pathways that must be completed based on 
safety and efficacy data. A measles and rubella MAP would likely be 
considered a new product by regulatory agencies, despite the fact that 
currently used measles and rubella vaccine strains would comprise the 
antigenic components [8]. The measles and rubella vaccine formulations 
may need to be modified to optimize delivery through coated or dissolvable 
MAPs [8]. Because measles and rubella vaccines have generally accepted 
immunologic correlates of protection, demonstration of immunologic 
non-inferiority of a MAP (i.e. similar antibody titers within a pre-defined 
margin) compared to standard subcutaneous administration of measles 
and rubella vaccines may be sufficient. Ultimately, a MAP to deliver 
measles and rubella vaccines in sub-Saharan Africa will require WHO pre-
qualification. The European Medicines Agency’s Article 58, a regulatory 
pathway for innovative vaccines for diseases of public health importance, 
could facilitate prequalification by the WHO and registration in African 
countries [8]. Nevertheless, the financial, manufacturing, and regulatory 
hurdles mean that the availability of MAPs for measles and rubella 
vaccination is at least five years and probably longer from realization. 

Importantly, to shorten this process as much as possible, the minimum 
and preferred attributes for a MAP to deliver measles and rubella vaccines 
are being developed by the WHO and an expert working group, leading 
to a target product profile. Efforts such as the Vaccination Innovation 
Prioritization Strategy, a partnership comprised of WHO, Gavi, the Bill 
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& Melinda Gates Foundation, PATH and UNICEF, and PATH’s Center of 
Excellence for Microarray Patch Technology, are critical efforts to accelerate 
the development of MAPs and provide guidance on research, regulatory 
pathways and manufacturing conditions. Hopefully, these efforts will 
expedite the development, testing, manufacturing, and implementation 
of MAPs for measles and rubella vaccination in immunization programs.

Conclusion
MAPs to deliver measles and rubella vaccines could play a critical role 
in achieving elimination goals in the African Region. Key stakeholders, 
including policy makers, ministers of health and finance, vaccine 
advocates, and immunization program managers, need to be aware of 
this potentially transformative technology and have a voice in moving the 
product development pipeline forward.

What is known about this topic
•	 Global MCV1 coverage has stagnated at 85% and is only 70% in 

the African Region;
•	 Currently used measles and rubella vaccines are safe, effective and 

low cost but several obstacles exist to achieving high vaccination 
coverage;

•	 These obstacles include the need to maintain a cold chain and 
use skilled health care workers, and the potential for missed 
opportunities and vaccine wastage.

What this study adds
•	 Microarray patches to deliver measles and rubella vaccines have the 

potential to be a transformative technology to achieve elimination 
goals in the African Region;

•	 Microarray patches for measles and rubella vaccination have been 
shown to be safe, immunogenic and thermostable in preclinical 
studies;

•	 Several obstacles must be overcome before MAPs are available for 
measles and rubella vaccination, including investment in large-scale 
production facilities and obtaining WHO pre-qualification.
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