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Even in high-income countries,
many in rural areas are left
without access to vital
therapeutics and vaccines

Self-administrable medicines that
can be shipped via standard mail
directly to homes can
fundamentally change quality of
life and reduce dependency on
overburdened health systems
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30 million Americans currently live In

healthcare deserts



This button can save lives.

Push

Discard

Micron Biomedical has developed a way to administer vaccines
and therapeutics via the epidermis, in a self-administrable,
painless, thermostable, easily produced button format that can
shipped almost anywhere and administered by almost anyone.




Needle-free Taking on the biggest challenges in global access

Medicines rapidly and painlessly dissolve
iInto the epidermis with no syringes or

reconstitution

Thermostable

Formulations reduce or eliminate the
need for cold chain storage or transport
and extend shelf life of products

Lightweight i \

400% lighter than conventional
medications in vials, greatly reducing

worldwide shipping costs

Self-administrable //

Vaccines and therapeutics can be \
self-administered or administered
by a non-clinical caregiver or parent

No medical waste

Used buttons are discarded as non
sharps waste
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Measles & Rubella Case Study

Measles kills approximately 140,000 people each year—and
the majority are unvaccinated or undervaccinated children
under five. 99% of infections and deaths are among those
in low-income and middle-income countries. Though
protective vaccines exist, most cannot reach those in need.

Micron's technology, prioritized by the World Health
Organization and others for eradicating disease,
demonstrates tolerability, safety and immunogenicity of a
measles and rubella (MR) vaccine in a thermostable,
needle-free button.

In the world’s first study of its kind, Micron demonstrated—in
adults and children as young as 9 months—that its MR
vaccine was well-tolerated and safe with a robust immune
response comparable to subcutaneous injection.

Micron’s data was published in The Lancet along with a
Lancet commentary article that recognizes Micron'’s
technology as offering “new hope to reach the unreached
children™ and “truly game-changing in humanitarian settings.”


https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)00749-9/fulltext

Letter of Support
Dr. Seth Berkley

Immediate past-CEO of Gavi, the Vaccine Alliance, co-founder of COVAX
and recipient of the NFID Jimmy & Rosalynn Carter Humanitarian Award

e seen firsthand the need to implement creative and

Ive solutions to deliver vaccinations and eliminate vaccine
table disease — and Micron Biomedical is doing just that.

r technology will allow vaccines and therapeutics to reach

ote areas that have historically suffered from very low
accination rates where communities lack infrastructure to store or
administer conventional vaccines...| wholeheartedly endorse
Micron’s nomination and urge the committee to reco
significant influence of their research on world heal

' ‘( *excerpt from letter of support; please see full letter in appe




Letter of Support
Dr. Labeeb Abboud, JD

Chairman & CEO of the Global Health Investment Corporation (GHIC), a
nonprofit organization dedicated to improving human health worldwide

“Micron Biomedical’s microarray technology holds great promise
to transform the delivery of vaccines worldwide, particularly in
regions where conventional approaches have left millions
unvaccinated and without critical medications...their
groundbreaking innovation tackles important challenges in the
delivery of vaccines and is a prime example of the spirit of
scientific innovation that the Prix Galien award honors.”

rt; please see full letter in appendix ' ;‘1'
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Startups’ Patch
Technologies Could Extend
Reach of Vaccines

/- A

FiercePharma Sees Micron’s
Progress to Commercialize a

ane 1, 2023

Y
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Reuters Spotlights Micron’s
Progress Toward Mass
Production of its Proprietary

Microarray Technology

Q)vember 16, 2023

Life-Saving “Button”

Qc)vember 16, 2023

/npr®

Virtually Ouch-Free?
Promising Early Data On A

Measles Vaccine Delivered
Via Stick-On Patch

way 26, 2023
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a ™
Newsweek

Newsweek Spotlights Micron
Technology As Part of Bili
Gates’ Plan to Change

Vaccines
18,2024

AN

Scienmag

Science Magazine

A Groundbreaking
Advancement for Public

Health
June 17, 2025
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Additional media stories can be found at: https./www.micronbiomedical.com/news-type/in-the-news/



https://www.micronbiomedical.com/news-type/in-the-news/
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BERKLEY CONSULTANTS SA

June 24, 2024

Dear Members of the Prix Galien Committee:

As a physician and public health entrepreneur, | am honored to endorse Micron
Biomedical's Prix Galien award nomination. Micron’s remarkable contributions to
healthcare technology have been widely recognized for their potential to achieve
dramatic global impact and be game changing in humanitarian settings.

In my work advancing vaccine access as former CEO of Gavi, the Vaccine Alliance
providing vaccines for countries containing > 50% of the world’s children and co-
Founder of Covax, providing Covid-19 vaccines to 146 countries, | have seen
firsthand the need to implement creative and innovative solutions to deliver
vaccinations and eliminate vaccine preventable disease — and Micron Biomedical is
doing just that. Their technology will allow vaccines and therapeutics to reach
remote areas that have historically suffered from very low vaccination rates where
communities lack infrastructure to store or administer conventional vaccines.
Micron’s innovations have the potential to transform healthcare delivery both globally
and locally, especially in low-resource areas, by facilitating self-administration and
lowering the dependency on clinical settings. For example, the effort to eliminate
hepatitis B infections requires a birth dose within 24-48 hours of birth. Given that in
many countries, more than 50% of births are done outside of the health care setting,
it is difficult to get to high coverage: Having a technology that a minimally trained
community health worker could administer or even a family member could self-
administer would be game changing. The power of this technology, which we
recognized at Gavi as part of our Vaccine Innovation Prioritization Strategy, is what
led me to agree to advise the CEO of Micron after | stepped down from Gavi after 12
years as CEO.

Micron Biomedical is a deserving recipient of the Prix Galien award because of their
exciting technology but also their commitment to health equity, access and creative
problem-solving in the healthcare industry. Their groundbreaking work is a wonderful
fit with the award’s goal of honoring exceptional achievements to the fields of
medicine and science. | wholeheartedly endorse Micron’s nomination and urge the
committee to recognize the significant influence of their research on world health.

Thank you for considering this nomination.

! Sincerely,

Seth Berkley, M.D_\/\&\

CHEMIN DU CRET, 9 | 1279 CHAVANNES DE BOGIS | SWITZERLAND
SETH@BERKLEYCONSULTANTS.COM | +41 (79) 235-4997
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June 30, 2024

To the Prix Galien Committee,

It gives me great pleasure to write in support of Micron Biomedical’s Prix Galien prize nomination. In my
role as Chairman and CEO of the Global Health Investment Corporation, an impact investment firm that
is an investor in Micron Biomedical, and as a board member of the company, | have been privileged to
see firsthand the important progress that Micron Biomedical has achieved in the field of healthcare
technology, seeking to improve human health and welfare.

The innovative dissolvable microarray technology developed by Micron Biomedical has the potential to
revolutionize vaccination administration and medication delivery. This novel method increases patient
compliance, streamlines the delivery procedure, and expands global access to necessary drugs,
especially in underprivileged areas. The company has demonstrated, through positive phase 1/2 trials of
a measles-rubella (MR) vaccine, the efficacy, safety and immunogenicity of its MR microarray technology
in children as young as nine months old — removing barriers to access for the most vulnerable
populations globally. Micron Biomedical is also planning to expand access to the MR vaccine through the
establishment of the first mass manufacturing plant for dissolvable microarray technology in the world.

| have been impressed by the company’s dedication to innovation and quality, andits capacity to
transform innovative concepts into workable, life-saving solutions aligns with the principles and goals of
the Prix Galien award. Micron Biomedical’s microarray technology holds great promise to transform the
delivery of vaccines worldwide, particularly in regions where conventional approaches have left millions
unvaccinated and without critical medications.

Micron Biomedical is a worthy recipient of this prestigious award because of their commitment to
improving global health and of removing obstacles to healthcare access globally. Their groundbreaking
innovation tackles important challenges in the delivery of vaccines and is a prime example of the spirit
of scientific innovation that the Prix Galien award honors.

Sincerely,

E(,ala,da Ubroud

0BD00B598BB44D5...

Labeeb M. Abboud
Chairman and CEO
Global Health Investment Corporation
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A measles and rubella vaccine microneedle patch in
The Gambia: a phase 1/2, double-blind, double-dummy,
randomised, active-controlled, age de-escalation trial

Ikechukwu Adigweme, Mohammed Yisa, Michael Ooko, Edem Akpalu, Andrew Bruce, Simon Donkor, Lamin B Jarju, Baba Danso, Anthony Mendy,
David Jeffries, Anne Segonds-Pichon, Abdoulie Njie, Stephen Crooke, Elina EI-Badry, Hilary Johnstone, Michael Royals, James L Goodson,
Mark R Prausnitz, Devin V McAllister, Paul A Rota, Sebastien Henry, Ed Clarke

Summary

Background Microneedle patches (MNPs) have been ranked as the highest global priority innovation for overcoming
immunisation barriers in low-income and middle-income countries. This trial aimed to provide the first data on the
tolerability, safety, and immunogenicity of a measles and rubella vaccine (MRV)-MNP in children.

Methods This single-centre, phase 1/2, double-blind, double-dummy, randomised, active-controlled, age de-escalation
trial was conducted in The Gambia. To be eligible, all participants had to be healthy according to prespecified criteria,
aged 18-40 years for the adult cohort, 15-18 months for toddlers, or 9-10 months for infants, and to be available for
visits throughout the follow-up period. The three age cohorts were randomly assigned in a 2:1 ratio (adults) or 1:1 ratio
(toddlers and infants) to receive either an MRV-MNP (Micron Biomedical, Atlanta, GA, USA) and a placebo
(0-9% sodium chloride) subcutaneous injection, or a placebo-MNP and an MRV subcutaneous injection (MRV-SC;
Serum Institute of India, Pune, India). Unmasked staff ransomly assigned the participants using an online application,
and they prepared visually identical preparations of the MRV-MNP or placebo-MNP and MRV-SC or placebo-SC, but
were not involved in collecting endpoint data. Staff administering the study interventions, participants, parents, and
study staff assessing trial endpoints were masked to treatment allocation. The safety population consists of all
vaccinated participants, and analysis was conducted according to route of MRV administration, irrespective of
subsequent protocol deviations. The immunogenicity population consisted of all vaccinated participants who had a
baseline and day 42 visit result available, and who had no protocol deviations considered to substantially affect the
immunogenicity endpoints. Solicited local and systemic adverse events were collected for 14 days following vaccination.
Unsolicited adverse events were collected to day 180. Age de-escalation between cohorts was based on the review of the
safety data to day 14 by an independent data monitoring committee. Serum neutralising antibodies to measles and
rubella were measured at baseline, day 42, and day 180. Analysis was descriptive and included safety events,
seroprotection and seroconversion rates, and geometric mean antibody concentrations. The trial was registered with
the Pan African Clinical Trials Registry PACTR202008836432905, and is complete.

Findings Recruitment took place between May 18, 2021, and May 27, 2022. 45 adults, 120 toddlers, and 120 infants
were randomly allocated and vaccinated. There were no safety concerns in the first 14 days following vaccination in
either adults or toddlers, and age de-escalation proceeded accordingly. In infants, 93% (52/56; 95% CI 83-0-97-2)
seroconverted to measles and 100% (58/58; 93 - 8-100) seroconverted to rubella following MRV-MNP administration,
while 90% (52/58; 79-2-95-2) and 100% (59/59; 93-9-100) seroconverted to measles and rubella respectively,
following MRV-SC. Induration at the MRV-MNP application site was the most frequent local reaction occurring in
46 (77%) of 60 toddlers and 39 (65%) of 60 infants. Related unsolicited adverse events, most commonly discolouration
at the application site, were reported in 35 (58%) of 60 toddlers and 57 (95%) of 60 infants that had received the
MRV-MNP. All local reactions were mild. There were no related severe or serious adverse events.

Interpretation The safety and immunogenicity data support the accelerated development of the MRV-MNP.
Funding Bill & Melinda Gates Foundation.
Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

Substantial progress in reducing the global burden of
measles and rubella infections has been made through
vaccination. Between 2000 and 2021 the annual number
of measles deaths has fallen by around 83%, from
761000 to 128000,' and an estimated 56 million measles

deaths have been averted in this period.! Similarly, in
2020, the annual number of rubella cases fell by 96%,
from 670894 to 10194.2

All six WHO regions have committed to measles
elimination.’ To achieve this, WHO recommends that
countries consistently achieve at least 95% two-dose

www.thelancet.com Vol 403 May 11, 2024
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Research in context

Evidence before this study

We searched PubMed to identify articles published from
database inception to July 1, 2023, using the following search
terms with appropriate Boolean operators: “microneedle

nou

patch”, “microarray patch”, “measles”, “rubella”, “vaccin*”,
“immun*”, “safety”, “clinical trial”, and “systematic review”. We
additionally identified relevant publications in the grey
literature through search engines and links with key
organisations working in the field. The Vaccine Innovation
Prioritization Strategy, developed through a partnership
between WHO, UNICEF, Gavi, the Vaccine Alliance, PATH, and
the Bill & Melinda Gates Foundation, has recently defined
microneedle patch (MNP) development as the number one
global priority for overcoming barriers to vaccination in low-
income and middle-income countries (LMICs) and for attaining
coverage targets and vaccine equity. The technology is
considered to be key to achieving measles and rubella
elimination, for which all WHO regions now have goals that
have been consistently missed due to the exceptionally high
coverage required to interrupt transmission. To this end, a
Target Product Profile has been published by WHO and UNICEF
that defines what are seen as the key attributes for measles and
rubella MNPs if elimination goals are to be met. Five studies
have been conducted in adults examining the administration of
the inactivated influenza vaccine by dissolvable (n=2) or solid
(n=3) microneedle patches. The studies confirmed the
tolerability and safety of the patches and reported similar
immunogenicity to vaccines delivered subcutaneously or
intramuscularly, and in some cases included antigen dose
sparing. One study has been conducted using dissolvable MNPs
to administer a Japanese encephalitis vaccine. Tolerability,
safety, and dose sparing was demonstrated. There are no
published data on the use of MNPs to deliver vaccines to
children or infants (the key target group) or on the use of the
technology to administer the measles and rubella vaccine
(MRV). Preclinical data on the measles and rubella MNP
supported the initiation of this trial.

Added value of this study
This trial provides the first data on the use of MNPs to deliver
vaccines to children and infants, and the first data on dissolving

measles vaccine coverage across all districts.* In countries
with ongoing measles transmission, the first dose is
recommended in children aged 9 months, and the second
dose at age 15-18 months.* Through the use of the
combined measles and rubella vaccine (MRV), these
targets also support rubella elimination, for which around
80% population immunity is required to prevent
transmission.’

Globally, first dose measles vaccine coverage increased
from 72% in 2000 to 86% in 2019.' Coverage in the WHO
African region increased from 53% to 70% over the same
period.! In 2021, second dose measles vaccine coverage

measles and rubella MNPs. In adults, MRV-primed toddlers aged
15-18 months, and MRV-naive infants aged 9-10 months, the
MRV-MNPs were well tolerated and safe. Induration at the
application site was common, occurring in nearly half of all
toddlers and infants but was mild in all cases and resolved
without treatment. None of the local reactions were of any safety
concern. Discolouration at the application site, almost exclusively
hyperpigmentation, was also common, occurring in nearly 50%
of toddlers and over 80% of infants. Over half of these reactions
resolved within 42 days, and almost all by day 180. There were
no severe or serious adverse events considered to be related to
the MNP. The immunogenicity of the MRV when administered
by MNP was similar to its immunogenicity when administered
subcutaneously by needle and syringe in all three age groups.
Based on serum neutralising antibodies, the gold-standard
correlates of protection for measles and rubella, 93% of infants
who were measles seronegative at baseline seroconverted
following the MRV-MNP, compared with 90% of infants who had
the vaccine administered subcutaneously. All rubella
seronegative infants in both groups seroconverted. Over 90% of
infants remained seropositive for measles and 100% of infants
remained seropositive for rubella at day 180. Despite high
baseline antibody concentrations in the toddlers, reflecting their
previous measles and rubella vaccination, increases in the
antibody concentrations to both antigens occurred and were
similar across the two methods of administration. These are the
first data demonstrating directly that MNPs are viable for the
delivery of vaccines to children and infants.

Implications of all the available evidence

MRV administration by MNP is well tolerated and safe in adults,
toddlers, and infants. The immunogenicity of the vaccine
delivered by MNP is similar to the immunogenicity of the
vaccine when administered subcutaneously by needle and
syringe. MNPs are considered to be of highest priority for
overcoming barriers to immunisation in LMICs and to achieving
measles and rubella elimination. This phase 1/2 trial data
supports their accelerated development for this purpose as well
as ongoing work to apply the technology for the delivery of
other priority vaccines.

was 71% globally, although it was only 41% in the WHO
African region.! Furthermore, there is significant
heterogeneity both between and within countries.®
In 2019, four of the 15 countries in west Africa had a first
dose coverage of at least 90%, while the coverage in
two countries was below 60%. In Nigeria, coverage
ranged from 80% in some regions to less than 20% in
others.”” Thus, despite progress, the coverage achieved
through routine immunisations remains considerably
below the elimination targets.®

Consequently, periodic supplementary immunisation
activities (SIA), which target an entire population (typically

www.thelancet.com Vol 403 May 11, 2024
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children aged 9 months to <5 years) for vaccination during
an intensive campaign period, continue to be necessary to
increase population immunity and as a response to
measles outbreaks.” Over 150 million children received
measles vaccines through SIA in 2021 Such vertical
approaches tend to improve coverage equity compared
with routine immunisation services, which vulnerable
people have the most difficulty in accessing.”" However,
SIA are personnel intensive, logistically complex, and
variable in their capacity to reach those known as zero-dose
children, who have received no previous measles
vaccines.™” Thus, alternative strategies to equitably
improve routine coverage and to facilitate SIA are essential.

Microneedle patches (MNPs) offer a number of
programmatic advantages over needle and syringe-based
MRV administration.” Indeed, the Vaccine Innovation
Prioritization Strategy, a consortium including WHO,
UNICEF, and Gavi, the Vaccine Alliance, recently ranked
the development of MNP as the highest global priority
for achieving equity of vaccine coverage in low-income
and middle-income countries.* A target product profile
for MRV-MNP, describing the key product attributes, has
also been published.”

The MRV-MNP used in this trial contains live-
attenuated MRV embedded in an array of microneedles.
On application of the MNP to the skin, the microneedles
penetrate the epidermis and upper dermis, dissolve, and
release the vaccine. Application is designed to allow for
administration by people who are not health-care
professionals, and is largely painless.” The MRV-MNPs
are expected to have improved thermostability, facilitating
vaccine administration beyond the end of the cold chain.”
They are a single-dose presentation, allowing every
opportunity to vaccinate a child to be taken while
minimising wastage from multi-dose vials. They do not
generate sharps waste or risk sharps injury.”

This clinical trial was undertaken based on supportive
preclinical data for MRV-MNP, and data on the use of the
same dissolving MNP technology to deliver influenza
vaccines to adults.®” It aimed to assess the tolerability,
safety, and immunogenicity of an MRV-MNP in adults,
MRV-vaccinated toddlers aged 15-18 months, and MRV-
naive infants aged 9-10 months. This trial provides the
first data on the use of MNP to deliver vaccines to
children.

Methods

Study design and participants

This single-centre, phase 1/2, double-blind, double-
dummy, randomised, age de-escalation trial was
conducted by the Medical Research Council Unit in
The Gambia (MRCG). Participants were recruited at an
MRCG clinical trial facility within the compound of
Bundung Maternal and Child Health Hospital, located in
the western region of The Gambia. Eligible adults aged
18-40 years, toddlers aged 15-18 months, and infants
aged 9-10 months were recruited in series. To be eligible,

www.thelancet.com Vol 403 May 11, 2024

participants had to be healthy according to the inclusion
and exclusion criteria defined for the trial (appendix
pp 3-5). All participants or parents or guardians of
participants provided written informed consent. The
study was approved by The Gambia Government/MRC
Joint Ethics Committee (LEO 22420), the London School
of Hygiene & Tropical Medicine Research Ethics
Committee, and the Gambian Medicines Control Agency.

Randomisation and masking

45 eligible adults were randomly assigned in a 2:1 ratio
to receive either an MRV-MNP and a subcutaneous
placebo injection (0-9% sodium chloride), or a placebo-
MNP and an MRV by subcutaneous injection (MRV-SC).
120 eligible toddlers and 120 eligible infants were
randomly assigned in a 1:1 ratio to the same
combinations of active and placebo products. Random
allocation was done using a predefined randomisation
scheme generated by an independent statistician.
Unmasked trial staff undertook random allocation
using an online application, prepared the MNP and
subcutaneous injection for administration, but had no
role in endpoint data collection. The MRV-MNP and
placebo-MNP were indistinguishable in appearance.
The MRV and placebo subcutaneous injections were
drawn into identical syringes and masked with opaque
tape in case of minor colour differences, and thus were
also indistinguishable in apprearance. Once prepared,
the MNP and subcutaneous injection were handed to
study nurses who were masked to the contents, who
thenappliedthe MNP andadministered the subcutaneous
injection. Participants, parents, and study staff assessing
trial endpoints were also masked to treatment allocation.

Procedures

At the screening visit (visit zero) participants were
screened for eligibility and blood samples were collected
for baseline safety bloods and immunogenicity endpoints
(appendix p 9). At visit one (day 0), within 2 weeks of
the screening visit, participants had final eligibility
confirmed, were randomly allocated, and had the MNP
administered followed by the subcutaneous injection.
Participants had additional clinic visits on day 7 (visit two)
and day 14 (visit three) after MNP administration, during
which solicited adverse event data were reviewed, any
new unsolicited adverse events were recorded, and safety
bloods were collected (on days 7 and 14 for adults and on
day 7 only for toddlers and infants). Additional clinic
visits took place on day 42 (visit four) and day 180
(visit five), during which blood samples were collected
for immunogenicity endpoints. Throughout the study,
participants and parents were encouraged to contact the
study team in the event of any illnesses, allowing study
clinicians to assess, treat, and record all unsolicited
adverse events. Additional immunisations according to
the routine schedule in The Gambia were given to
participants on or after the day 42 visit (appendix p 10).

See Online for appendix
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Both the MRV-MNP (Micron Biomedical, Atlanta, GA,
USA) and the single 0-5 mL dose of the MRV for
subcutaneous injection (Serum Institute of India, Pune,
India) contained not less than 1000 cell culture infectious
dose (CCID,,) of the live-attenuated Edmonston-Zagreb
measles virus and not less than 1000 CCID,, of the live-
attenuated Wistar RA 27/3 rubella virus. The bulk vaccine
viruses (Serum Institute of India, Pune, India) were
incorporated into dissolvable microneedles made up of
pharmaceutical-grade excipients found in the US Food
and Drug Administration’s Inactive Ingredient Database
for Approved Drug Products. The MRV-MNPs were
designed to deliver similar doses of the vaccine viruses to
those delivered by the subcutaneous injection. Full

dissolution of the microneedles following application
was confirmed by microscopy. The placebo-MNPs
contained the same excipients as those contained in the
MRV-MNP, but without the vaccine viruses. Good
manufacturing practice was used throughout. The
placebo for subcutaneous injection consisted of 0-5 mL
of 0-9% weight by volume sterile sodium chloride
(Hameln Pharmaceuticals, Gloucester, UK).

The MNP was applied to the dorsal aspect of the wrist
for 5 min then removed. Participants were observed
closely throughout this time to prevent the MNP from
being disturbed. The subcutaneous injection was
administered over the mid-deltoid region of the
contralateral arm in adults and into the thigh in toddlers

196 toddlers assessed for eligibility

161 infants assessed for eligibility

75 not eligible
23 malnourished*
19 abnormal laboratory screening
results
10 had first dose of MRV outside
9-12 months age window
4 HIV, hepatitis B, or C positive
4 unable to return for study visits
15 other
1toddler eligible but not randomly
allocated

v

| 120 eligible and randomly assigned |

38 not eligible

12 malnourished

11 unable to return for study visits
9 abnormal laboratory screening

results
6 other
3 eligible but not randomly
allocated

A 4

| 120 eligible and randomly assigned |

v

v v

v

SCinjection

60 allocated to MRV-MNP and placebo-

60 allocated to MRV-SC injection and
SCinjection
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v
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v
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Figure 1: Trial profile—toddler and infant cohorts
(A) Toddler cohort (B) Infant cohort. MNP=microneedle patch. MRV=measles and rubella vaccine. SC=subcutaneous. *Defined as weight-for-length Z score of <2 SDs below the mean. tIn the toddler
MRV-MNP group the baseline immunogenicity sample was analysed for the toddler who received a non-study vaccine between baseline and day 42, thus 60 baseline sample results were available.
$One infant in the MRV-MNP group and one infant in the MRV-SC group were withdrawn between baseline and day 42. The baseline samples for these two infants were not analysed, hence 59 infants
were included in the immunogenicity population at baseline as well as day 42.
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and infants. All subcutaneous injections were given with
a 23 gauge, 25 mm, 0-5 mL auto-disable needle and
syringe.

Solicited systemic adverse events and local adverse
events at the MNP application site and subcutaneous
injection site were collected and graded for severity
(appendix pp 11-16) on the day of study product
administration (day 0) and for a further 13 days, through
home visits conducted by trained field workers.
Unsolicited adverse events were collected from the day of
administration until day 180, categorised by preferred
term according to the Medical Dictionary for Regulatory
Affairs and graded for severity (appendix p 17).

Safety haematology and biochemistry testing was done
in the accredited MRCG clinical laboratories using
validated assays. Serum was separated from blood
samples, collected at baseline, day 42, and day 180, and
frozen at below —70°C within 4 h before undergoing
immunogenicity testing by the US Centers for Disease
Control and Prevention laboratories (appendix p 18).
Measles virus serum neutralising antibodies (SNA) were
measured using a plaque reduction neutralisation test
based on a WHO-recommended protocol.” Rubella virus
SNA were measured using a directimmunocolourimetric
assay.” Measles and rubella virus IgG was measured
using a multiplex bead array.”” All antibody results were
calibrated to appropriate WHO standards (appendix p 19).

Age de-escalation between cohorts was based on an
unmasked review of all safety data to day 14 following
study product administration in the preceding cohort by
an independent data monitoring committee.

Outcomes

The safety outcomes were the incidence and severity of
solicited local adverse events (pain, erythema, and
induration; with pruritus as an additional adverse event
in the adult cohort) and systemic adverse events (fever,
vomiting, diarrhoea, headache, fatigue, myalgia,
arthralgia, and rash in adults; and fever, vomiting,
diarrhoea, irritability, drowsiness, reduced appetite, and
rash in toddlers and infants) on the day of study product
administration and for a further 13 days; the incidence
and severity of unsolicited adverse events (including
serious adverse events) from the day of study product
administration until 180 days; and the incidence and
severity of biochemical and haematological laboratory
abnormalities on day 7 and, in adults only, day 14 after
study product administration. The relatedness of
solicited systemic adverse events, unsolicited adverse
events, and laboratory abnormalities, to study product
administration was assessed (appendix p 20)

The immunogenicity outcomes were assessed using
both SNA and IgG binding antibodies to measles and
rubella, and were seroconversion rates (the percentage of
participants who were seronegative at baseline and
seropositive at day 42); rates of four-fold antibody rise
(the percentage of participants who were seropositive at
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baseline and who had a four-fold increase in antibody
concentrations by day 42); immune response rates
(combining the number of participants undergoing
seroconversion and experiencing a four-fold rise in
antibodies); the percentage of participants who were
seropositive; the geometric mean antibody concentrations
(GMCs) at day 42 and day 180; and the geometric mean
fold rise (GMFR) in antibody concentrations between
baseline and day 42. Seropositivity was defined as
antibody concentrations in international units (IUs) of
200 mIU/mL or greater for measles and 10 [U/mL or
greater for rubella (appendix p 19).

Statistical analysis

The trial was designed to provide descriptive data on the
safety and immunogenicity of the MRV-MNP and
comparator data on MRV-SC to guide product
development decisions, rather than by a power
calculation to test a formal statistical hypothesis. We
chose 60 as our cohort size for infants and toddlers, as
60 participants provides a probability of 99-8% that at
least one episode of a given safety event would occur, and
a probability of 98-6% that at least two episodes of an
event would occur in each of the given cohorts based on
a true event rate of 10% in the vaccinated cohort
(appendix pp 21-27). The safety population consists of all
vaccinated participants, and analysis was conducted

Toddlers Infants
MRV-MNP and MRV-SCand MRV-MNP and MRV-SCand
placebo SC placebo MNP placebo SC placebo MNP
(n=60) (n=60) (n=60) (n=60)
Age, months*
Median (IQR) 15 (15to 16) 15 (15to 16) 9(9to9) 9(9to9)
Sex
Male 30 (50%) 30 (50%) 26 (43%) 25 (42%)
Female 30 (50%) 30 (50%) 34 (57%) 35 (58%)
Ethnicity
African 60 (100%) 60 (100%) 60 (100%) 60 (100%)
Tribet
Mandinka 39 (65%) 27 (45%) 35 (58%) 28 (47%)
Wolof 6 (10%) 7 (12%) 4(7%) 7 (12%)
Fula 4(7%) 9 (15%) 6 (10%) 3(5%)
Jola 4(7%) 12 (20%) 10 (17%) 7 (12%)
Other 7 (12%) 5 (8%) 5 (8%) 15 (25%)
Weight, kgt
Median (IQR) 8.9 (8:4t09-7) 9-0(8:7t09-8) 82 (7-5t09-1) 8.0(73t08:8)
Length, cmi
Median (IQR) 77-4(755t079-4)  77-0(75-4t079-5)  70:5(69-3t072:5) 70.0(687t072-0)
Weight-for-length Z scoref
Median (IQR) -09(-1-6t0-05)  -1.0(-1-4t0-02)  -03(-0-8t005)  0.0(-1-0to 0-1)
Data are n (%) unless otherwise stated. MNP=microneedle patch. MRV=measles and rubella combined vaccines.
SC=subcutaneous. *On the day of consent. fSome percentages might not add up to 100% owing to rounding. $On the
day of random allocation and vaccination.
Table 1: Demographic and baseline data for the toddler and infant cohorts
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according to route of MRV administration, irrespective
of subsequent protocol deviations. The primary
immunogenicity population consisted of all vaccinated
participants who had a baseline and day 42 visit result
available and who had no protocol deviations considered
to substantially impact on the immunogenicity
endpoints. Descriptive 95% Cls without adjustment for
multiplicity are provided throughout. CIs around
proportions were calculated using the Wilson’s score
method without continuity correction,” and CIs around
difference in proportions were calculated using the
Newcombe method without continuity correction.”
Having confirmed the log-normality assumption was
appropriate, 95% Cls around measles and rubella GMCs
and GMCratioswerecalculated usingthe Student’sttestfor

Toddlers Infants
MRV-MNP and MRV-SCand MRV-MNP  MRV-SC and
placebo-SC, placebo-MNP,  and placebo-MNP,
n=60 n=60 placebo-SC, n=60
n=60
Acute allergic reaction 0 0 0 0
Local solicited adverse events
MNP application site
Any local solicited event*
Total 50 (83%) 18 (30%) 46 (77%) 18 (30%)
Mild (grade 1) 50 (83%) 18 (30%) 46 (77%) 18 (30%)
Tenderness
Total 1(2%) 1(2%) 0
Mild (grade 1) 1(2%) 1(2%) 0
Erythema
Total 10 (17%) 9 (15%) 18 (30%)  14(23%)
Mild (grade 1) 10 (17%) 9 (15%) 18 (30%)  14(23%)
Induration
Total 46 (77%) 9 (15%) 39 (65%) 6 (10%)
Mild (grade 1) 46 (77%) 9 (15%) 39 (65%) 6 (10%)
SCinjection site
Any local solicited event*®
Any reaction 8 (13%) 5 (8%) 2 (3%) 4(7%)
Mild (grade 1) 6 (10%) 5 (8%) 2 (3%) 4(7%)
Moderate (grade 2) 2 (3%) 0 0 0
Systemic solicited adverse events
Fever
Total 5 (8%) 11 (18%) 8 (13%) 4 (7%)
Mild (grade 1) 1(2%) 9 (15%) 5(8%) 4(7%)
Moderate (grade 2) 4 (7%) 1(2%) 3(5%)
Severe (grade 3) 1(2%) 0
Any systemic solicited eventt
Total 27 (45%) 30 (50%) 31(52%) 24 (40%)
Mild (grade 1) 24 (40%) 23 (38%) 28(47%) 23 (38%)
Moderate (grade 2) 3(5%) 7 (12%) 3 (5%) 1(2%)
Data are n (%), where n=number of participants experiencing event by maximum severity grading. MRV=measles and
rubella vaccine. MNP=microneedle patch. SC=subcutaneous. “Tenderness, erythema, and induration. tVomiting,
diarrhoea, irritability, drowsiness, reduced feeding, and rash.
Table 2: Solicited safety events from days 0 to 13—toddler and infant cohorts
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log, transformed antibody concentrations. Analysis
was conducted in R version 4.2.2. The trial was
registered with the Pan African Clinical Trials Registry,
PACTR202008836432905.

Role of the funding source

The funder of the study had no role in data collection,
analysis, interpretation, or in either writing of the report
or the decision to submit for publication.

Results

Between May 18, 2021, and May 27, 2022, cohorts of
89 adults, 196 toddlers, and 161 infants were screened
in series for enrolment into the trial. 45 (51%) adults
were randomly allocated and vaccinated, all of whom
were included in the primary immunogenicity
population (appendix p 30). 120 (61%) toddlers were
randomly allocated and vaccinated (figure 1A).
59 (98%) toddlers who received the MRV-MNP and
placebo subcutaneous injection, and 60 (100%) toddlers
who received the placebo-MNP and MRV-SC were
included in the primary immunogenicity population.
Of the infants, 120 (75%) were randomly allocated and
vaccinated (figure 1B). 59 (98%) of the 60 infants in
each of the MRV-MNP and placebo-MNP groups were
included in the primary immunogenicity population.
All vaccinated participants were included in the safety
population. Baseline data for the adult cohorts are
shown in the appendix (pp 31-35). There were no
significant differences between the groups. 25 (83%) of
30 participants in the MRV-MNP group and 13 (87%) of
15 participants in the placebo-MNP group were male;
5 (17%) of 30 and 2 (13%) of 15 participants were female,
respectively. All participants were of African origin.
There were no acute allergic reactions in adults.
Eight adults (27%) had a local solicited adverse event at
the MRV-MNP application site, most commonly
pruritus (5[17%)] of 30), compared with three adults (20%)
at the placebo-MNP site (appendix p 49). All local
reactions were mild and resolved without intervention.
15 adults (50%) had a mild or moderate systemic
solicited event in the MRV-MNP group, compared with
seven adults (47%) in the MRV-SC group. There were
no severe local or systemic solicited adverse events in
adults. 25 adults (83%) in the MRV-MNP group and all
adults in the MRV-SC group had at least one unsolicited
adverse event (appendix p 50). One adult (3%) in the
MRV-MNP group had a severe unrelated serious
adverse event, compared with two adults (13%) in the
MRV-SC group (appendix p53). 16 adults (53%) had
mild related adverse events at the MRV-MNP
application site, most commonly discolouration in the
form of hyperpigmentation (12 [40%]), compared with
two (13%) at the placebo-MNP application site
(appendix pp 50-51). All related events in adults
resolved spontaneously before day 180 (appendix p 52).
There were no related serious or severe adverse events
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Figure 2: Local solicited adverse events—toddler and infant cohorts

(A) Toddler cohort (B) Infant cohort. Numbers represent the absolute number of participants, from among the 60 in each randomisation group and cohort, affected on each day. All local reactions
were mild in severity. In addition, one toddler had mild tenderness on day 8 following MRV-MNP and one toddler had mild tenderness on day 1 following placebo-MNP (data not shown graphically).

MNP=microneedle patch. MRV=measles and rubella vaccine. SC=subcutaneous.

in the adult cohort, and no clinically significant related
changes in laboratory parameters on day 7 or day 14 in
adults (appendix pp 32-36).

Based on SNA, measles GMC in the MRV-MNP group
went from 242.7 mIU/mL (95% CI 143-4-410-7) at
baseline to 1107-4 (839-3-1461-3) on day 42 (GMFR 4-6
[95% CI 3-0-6-8]), and in the MRV-SC group GMC went
from 199-2 mIU/mL (95% CI 130-6-303-8) at baseline
to 590-2 (424-9-819-7) on day 42 (GMFR 3-0 [95% CI
1.-9-4-7]; appendix pp 55, 58). 15 (50% [95% CI
33:2-66-9]) of 30 adults had an immune response to
measles following the MRV-MNP, compared with
six (40% [19-8-64-3]) of 15 adults following MRV-SC.

In adults, rubella SNA GMC in the MRV-MNP group
went from 172-0 IU/mL (95% CI 123.9-238.7) at
baseline to 354-3 (302-1-415-6) on day 42 (GMFR 2-1
[95% CI 1-6-2-7]), and from 279-0 IU/mL (95% CI
194-4-400-3) at baseline to 342-0 (227-9-513-4) on
day 42 (GMFR 1-2 [95% CI 0-8-1-8]) in the MRV-SC
group. In total, four (13% [95% CI 5-3-29-7]) of 30 adults
had an immune response to rubella following MRV-MNP
compared with one (7% [1-2-29-8]) of 15 adults following
the MRV-SC.

The median age of the toddlers was 15 months, and
there was an equal split between males and females in
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both the MRV-MNP group and the placebo-MNP group
(table 1). All the toddlers were African.

There were no acute allergic reactions in toddlers
(table 2). 50 toddlers (83%) had a mild local reaction at
the MRV-MNP application site, compared with
18 toddlers (30%) at the placebo-MNP application site.
Mild induration was the most common local reaction,
and occurred in 46 (77%) toddlers who received the
MRV-MNP compared with 9 (15%) of those who received
the placebo-MNP. The incidence of mild induration in
toddlers peaked at 45% (27 of 60) on day 5 following
MRV-MNP application (figure 2A). Five toddlers (8%)
had a fever following MRV-MNP, compared with

1 (18%) in the MRV-SC group. There was one severe
fever (=39-0°C) in a toddler in the MRV-SC group.
27 toddlers (45%) in the MRV-MNP group had a mild or
moderate solicited systemic adverse event compared
with 30 (50%) in the MRV-SC group. 59 toddlers (98%)
had at least one of the 203 unsolicited adverse events
reported following MRV-MNP, compared with
56 toddlers (93%) who had at least one of the
187 unsolicited adverse events reported in the MRV-SC
group (table 3). Although more diarrhoea was reported
in the MRV-MNP group, this is unlikely to be of clinical
significance as an isolated finding (figure 3A). There was
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Toddlers Infants
MRV-MNP and MRV-SC and MRV-MNP and MRV-SCand
placebo-SC, n=60 placebo-MNP, n=60 placebo-SC, n=60 placebo-MNP, n=60
n (%) E n (%) E n (%) E n (%) E
Adverse events
Total 59 (98%) 203 56(93%) 187 60 (100%) 347 59 (98%) 285
Mild (grade 1) 47(78%) 190 38(63%) 162 39 (65%) 315 44 (73%) 267
Moderate (grade 2) 11 (18%) 12 13 (22%) 20 21 (35%) 32 14 (23%) 17
Severe (grade 3) 1(2%) 1 5(8%) 5 0 0 1(2%) 1
Serious adverse events 1(2%) 1 7 (12%) 8 1(2%) 1 1(2%) 1
Adverse events resulting in discontinuation fromthe study 0 0 0 0 0 0 0 0
Related adverse events
Total 35 (58%) 43 16 (27%) 16 57 (95%) 75 38 (63%) 41
Mild (grade 1) 35 (58%) 42 16 (27%) 16 57 (95%) 75 38 (63%) 41
MNP site discolouration 29 (48%) 29 12 (20%) 12 50 (83%) 50 32(53%) 32
MNP site exfoliation 5(8%) 5 1(2%) 1 14 (23%) 14 6 (10%) 6
MNP site induration 3(5%) 3 0 0 7 (12%) 7 1(2%) 1
Other 5 (8%) 5* 3(5%) 3t 4(7%) 4% 2 (3%) 2§
Moderate (grade 2) 1(2%) 1q 0 0 0 0 0 0
Related serious adverse events 0 0 0 0 0 0 0 0
Data are n (%), where n=number of participants experiencing event by maximum severity grading, unless otherwise stated. MRV=measles and rubella vaccine.
MNP=microneedle patch. SC=subcutaneous. E=number of events by maximum severity grade. *Two MNP site papules, one MNP site pruritus, two SC injection site
induration. fOne MNP site papules, two generalised maculopapular rash. $One MNP site macule, one generalised rash, one generalised papular rash; one poor infant feeding.
§One MNP site papules, one diarrhoea. 10ne generalised papular rash.
Table 3: Unsolicited adverse events—toddler and infant cohorts

one (2%) unrelated serious adverse event in toddlers
who received the MRV-MNP compared with
eight unrelated events in seven toddlers (12%) in the
MRV-SC group (appendix pp 53-54). 35 toddlers (58%)
had at least one related unsolicited adverse event
following MRV-MNP administration, compared with
16 toddlers (27%) following the placebo-MNP (table 3,
figure 3A). Discolouration at the patch application site
was the most common related unsolicited adverse event
and was reported in 29 toddlers (48%) in the MRV-MNP
group and 12 toddlers (20%) in the placebo-MNP group
(figure 3A; table 3). All local related events were mild in
severity. There was one moderate related adverse event,
a generalised papular rash, in the MRV-MNP group. All
application site related events in toddlers resolved before
day 180 (appendix p 50). There were no related serious or
severe adverse events in the toddler cohort. There were
no clinically significant related changes in laboratory
parameters in either group (appendix pp 37-42).

There were no notable differences in measles
serological status between toddlers in the MRV-MNP
group and toddlers in the MRV-SC group at baseline
based on SNA (table 4; figure 4A). Over 90% of toddlers
in both groups were seroprotected. Measles GMC went
from 572-8 mIU/mL (95% CI 450-1-729-1) at baseline
to 2182-9 mIU/mL (1905-6-2500-5) on day 42
(GMFR 3-8 [95% CI 3-0—4-9]) in the MRV-MNP group;
and from 566-9 mIU/mL (95% CI 448.8-716-1) at
baseline to 1811-5 mIU/mL (1480-6-2216-4) on day 42

(GMFR 3-2[95% CI 2-5-4-1]) in the MRV-SC group. In
total, 47% of toddlers (28 of 59; 95% CI 35-3-60-0) had
an immune response to measles in the MRV-MNP
group compared with 42% of toddlers (25 of 60; 95% CI
30-1-54-3) in the MRV-SC group. Measles GMC
remained substantially above baseline at day 180.

All the toddlers were rubella seroprotected at baseline
based on SNA concentrations (table 4; figure 4A). Rubella
GMC went from 151-6 IU/mL (95% CI 126-2-182-2) at
baseline to 268-2 IU/mL (228-3-315-0) on day 42
(GMFR 1-8 [95% CI 1-4-2-2]) in the MRV-MNP group
and from 126-4 IU/mL (95% CI 101-2-157-9) at baseline
to 234-3 IU/mL (95% CI 199-6-274-9) on day 42
(GMFR 1-9 [95% CI 1-5-2-9]) in the MRV-SC group.
Reflecting high baseline antibody titres, under
14% of toddlers had an immune response to rubella in
either the MRV-MNP group or the MRV-SC group.
Rubella GMC returned towards baseline levels in both
groups by day 180.

The median age of the infants was 9 months, and the
sex ratio was 34 (57%) female and 26 (43%) male in the
MRV-MNP group, and 35 (58%) female and 25 (42%) male
in the placebo-MNP groups (table 1).

There were no acute allergic reactions in infants
(table 2). 46 infants (77%) had a mild local reaction at
the MRV-MNP application site compared with
18 (30%) at the placebo-MNP application site. Mild
induration at the MNP application site was the most
common local reaction, and was observed in
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Figure 3: Unsolicited adverse events—toddler and infant cohorts

(A) Toddler cohort (B) Infant cohort. Incidence or incidence difference and 95% Cls are shown. Only events which occurred in at least three participants in a given age
cohort are included in the figure. MNP=microneedle patch. MRV=measles and rubella vaccine. SC=subcutaneous. *Percentage prevalence in MRV-MNP group minus
percentage prevalence in placebo-MNP group. tPreferred term based on the Medical Dictionary for Regulatory Affairs.

39 infants (65%) who received the MRV-MNP compared
with 6 (10%) of those who received the placebo-MNP.
The incidence of mild induration in infants
peaked at 47% (28 of 60) on day 9 following MRV-MNP
application (figure 2B). There were no moderate or
severe reactions at either the MRV-MNP or placebo-
MNP application site. Eight infants (13%) in the

www.thelancet.com Vol 403 May 11, 2024

MRV-MNP group had a fever compared with
four infants (7%) in the MRV-SC group. There were no
severe fevers in the infant cohort. 31 infants (52%) in
the MRV-MNP group had a mild or moderate solicited
systemic adverse event compared with 24 (40%) in the
MRV-SC group. All infants in the MRV-MNP group had
at least one of the 347 unsolicited adverse events
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reported compared with 59 infants (98%) who had at
least one of the 285 unsolicited adverse events in the
MRYV-SC group (table 3). There were no notable trends
in the incidence of specific adverse events, judged to be
unrelated to vaccination, comparing the MRV-MNP and
placebo-MNP  groups (figure 3B). There was
one (2%) unrelated serious adverse event in an infant
in each group (appendix p 54). 57 infants (95%) had at
least one related unsolicited adverse event in the
MRV-MNP group compared with 38 infants (63%)
following the placebo-MNP (table 3; figure 3B).
Discolouration at the MNP application site (all
hyperpigmentation) was the most common related
adverse event and was reported in 50 infants (83%) in
the MRV-MNP group and 32 infants (53%) in the
placebo-MNP group on day 14. Five infants (8%) in the
MRV-MNP group had ongoing application site
discolouration on day 180; all related events in the
placebo-MNP group had resolved at the same timepoint
(appendix p 52). There were no related serious or severe
adverse events in the infant cohort. There were no
clinically significant, related changes in laboratory
parameters in either group (appendix pp 43-438).

Three of 59 infants (5% [95% CI 1-7-13-9]) in the
MRV-MNP group and one of 59 (2% [0-3-9-0]) in the
MRV-SC group were seroprotected against measles at
baseline (figure 4B, table 4). Seroconversion occurred in
93% of infants (52/56 [95% CI 83-0-97-2]) in the
MRV-MNP group compared with 90% (52/58 [95% CI
79-2-95-2]) in the MRV-SC group. Measles GMCs on
day 42 were 520-9 mIU/mL (95% CI 420-8-644-9) in the
MRV-MNP group and 495-2 mIU/mL (402-5-609-3) in
the MRV-SC group. In infants, the SNA GMCs continued
to increase to day 180 in both groups. Seroprotection
rates at day 180 were 91% (52/57 [95% CI 81-1-96-2]) in
the MRV-MNP group and 93% (55/59 [83-8-97-3]) in the
MRV-SC group.

One of 59 infants (2% [95% CI 0-3-9-0]) in the
MRV-MNP group was seroprotected against rubella at
baseline (figure 4B, table 4B). All infants in the MRV-SC
group were seronegative. All infants in both groups
seroconverted to rubella by day 42 (MRV-MNP
group 100% [95% CI 93 -8-100] and MRV-SC group 100%
[93-9-100]) and remained seropositive at day 180.
Rubella GMCs on day 42 were 120-3 IU/mL (95% CI
99.9-144-9) in the MRV-MNP group and 140-3 [U/mL

Measles Rubella
MRV-MNP and MRV-SCand Ratio* or MRV-MNP and MRV-SC and Ratio* or
placebo-SC placebo-MNP differencet placebo-SC placebo-MNP differencet
Toddlers
Baseline
Median (IQR) 489 (279t01159)  591(319t0961) NA 152(85t0275)  151(73t0241)  NA
GMC (95% CI) 572-8 566-9 1.01* 151-6 126-4 1.20*
(450-1t0 729-1) (448-8t0716:1)  (0-73t01-41) (1262t01822)  (1012t0157-9)  (0-90t0 1-59)
Seroprotection, n/N (%; 54/59 (92%; 55/60 (92%; 0-0f 59/59 (100%; 60/60 (100%; 0-0t
95% Cl) 81710 96-3) 81910 96-4) (-111t0 107) 93.9t0100-0)  94-0t0100:0)  (-6-1to 6:0)
Visit 4 (day 42)
Median (IQR) 2222 1791 NA 278 247 NA
(1678 t0 3447) (1284 t0 2807) (182't0 406) (17410 338)
GMC (95% Cl) 21829 18115 1.21% 2682 2343 1.14*
(1905-6t02500-5)  (1480-6t02216-4) (0-95to 1-53) (228:3t0315:0)  (199-6t0274-9)  (0-91to143)
GMFR (95% Cl) 38 32 119* 18 1.9 0-96*
(3-0t0 4-9) (25t04-1) (0-85t0 1-68) (1-4t02:2) (15t02:9) (071t01-28)
Seroprotection, n (%; 95% Cl) 59/59 (100%; 59/60 (98%; 1.7t 59/59 (100%; 60/60 (100%; 0-0f
94-0 t0 100-0) 91-1t0 99-7) (-4-6t0 8-9) 93-9t0 100) 94.0t0 100) (-6-1t0 6-0)
Baseline seronegative, n 5 5 NA 0 0 NA
Seroconversion, n/N (%; 5/5 (100%; 4/5 (80%; 20-0t NA NA NA
95% Cl) 56-6 to 100-0) 37-61096-4) (-26-4to0 62:5)
Baseline seropositive, n 54 55 NA 59 60 NA
Four-fold rise, n/N (%; 95% Cl) 23/54 (43%; 21/55 (38%; 4-41 5/59 (8%; 8/60 (13%; -4-91
303t055-8) 26.5t051-4) (-136t0221)  37t0184) 6-9t024-2) (-16:7t0 6:9)
Immune response n/N (%; 28/59 (47%; 25/60 (42%; 5-8t 5/59 (8%; 8/60 (13%; -4-91
95% Cl) 353 t0 60-0) 30-1t054-3) (-11-8t022:9)  37t0184) 6:9t024-2) (-16-7t0 6:9)
Visit 5 (day 180)
Median (IQR) 1311 (654102048) 1203 (844t01961) NA 181(110t0261) 141(98t0224) NA
GMC (95% CI) 1195-2 1290-8 0-93* 1833 1422 1.29*
(9587t01489-9)  (1086-9t01532-8) (0-70t01-22) (154-9t0216-9)  (121-8t01661)  (1-03t01-62)
Seroprotection n/N (%; 95% Cl) 56/57 (98%; 60/60 (100%; -1.8t 57/57 (100%; 60/60 (100%; 0-0t
90710 997) 94-0t0 100-0) (-93t0 4-4) 937 t0 100-0) 94.0t0100-0)  (-6-3t0 6:0)
(Table 4 continues on next page)
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Measles Rubella
MRV-MNP and MRV-SCand Ratio*or MRV-MNP and MRV-SC and Ratio*or
placebo-SC placebo-MNP differencet placebo-SC placebo-MNP differencet
(Continued from previous page)
Infants
Baseline
Median (IQR) 8 (7to12) 7(6t09) NA 6(5to6) 5(5to6) NA
GMC (95% Cl) 128 113 113* 6.9 65 1.05*
(9-5t017-2) (8:5t015-1) (0-75to0 1.70) (6-4t07-4) (6:2t0 6:9) (0-96t0 1-15)
Seroprotection n (%; 95% Cl) 3/59 (5%; 1/59 (2%; 34t 1/59 2%; 0/59 17t
17t013-9) 0-3t0 9-:0) (-4-6t012:3) 0-3t0 9-0) (0-0t0 6-1) (-4-6t0 9-0)
Visit 4 (day 42)
Median (IQR) 505(309t0716) 494 (311to671) NA 123 (74t0176) 156 (113t0201) NA
GMC (95% CI) 520-9 495-2 1.05* 120-3 1403 0-86*
(420-8t0 644-9)  (4025t0609-3)  (0-78t01-41) (99-9t0144-9)  (120-9t01627)  (0-68t01.09)
GMFR (95% Cl) 40-8 437 0-93* 175 214 0-82*
(3230 51:5) (34-8t054-8) (0-68t01-29) (14210 21:5) (18-5t0 24-9) (0-63t0 1-05)
Seroprotection n/N (%; 95% Cl) 55/59 (93%; 53/59 (90%; 34t 59/59 (100%; 59/59 (100%; 0.0t
83-8t097-3) 79:5t0 95-3) (-7-5t014-5) 939t01000)  93:9t0100-0)  (-6-1to 6-1)
Baseline seronegative, n 56 58 NA 56 59 NA
Seroconversion n (%; 95% Cl) 52/56 (93%; 52/58 (90%; 321 58/58 (100%; 59/59 (100%; 0-0t
83.0t0 97-2) 79-210 95-2) (-81t014-5) 93-8t01000)  93:9t0100-0)  (-6:2t0 6-1)
Baseline seropositive, n 3 1 NA 1 0 NA
Four-fold rise n/N (%; 95% Cl) 113 (33%; 0/1 333¢ 0/1 NA NA
6-2t079-2) (0-0t079-4) (-50-5t079-2) (0-0t079-4)
Immune response n/N (%; 53/59 (90%; 52/59 (88%; 1.7t 58/59 (98%; 59/59 (100%; -17%
95% Cl) 79:5t095:3) 77:5t094-1) (-10-2t0137) 91-0t0 99-7) 93-9t0 100-0) (-9-0t0 4-6)
Visit 5 (day 180)
Median (IQR) 654 (347t01100) 706 (329t0 985) NA 125(89t0178)  139(94t0216) NA
GMC (95% CI) 6612 629:0 1.05* 1251 1407 0-89*
(501-5to 871.9) (498-7t0793'5) (0-74to 1.50) (109-0t0143-6)  (122:1t0161-9)  (0-73t01.08)
Seroprotection n/N (%; 95% Cl) 52/57 (91%; 55/59 (93%; -2.0t 57/57 (100%; 59/59 (100%; 0-0t
811t096-2) 83-8t097-3) (-13-0t0 8:6) 937t0100-0)  93-9t0100:0)  (-63t06-1)
Baseline and visit 4 (day 42) analysis are in the primary immunogenicity population; visit 5 (day 180) analysis is in the day 180 secondary immunogenicity population;
seroconversion is defined as a change from seronegative at baseline to seropositive at day 42; four-fold rise is defined as a four-fold rise in antibody concentrations between
baseline and day 42 among individuals who were seropositive at baseline; immune response includes all those who were seronegative at baseline and seroconverted on day
42 or who were seropositive at baseline and had a four-fold rise in antibody concentrations; for measles, seronegative is defined as an antibody concentration of
<200 mlU/mL, seropositive or seroprotection is defined as an antibody concentration of 2200 miU/mL; for rubella, seronegative is defined as an antibody concentration of
<10 IU/mL and seropositive or seroprotection is defined as an antibody concentration of =10 IU/mL. MRV=measles and rubella vaccine. MNP=microneedle patch.
SC=subcutaneous. NA=not applicable. IU=international unit. GMC=geometric mean antibody concentrations reported in mlU/mL for measles and IU/mL for rubella.
GMFR=geometric mean fold rise. *Ratio [MNP]/[SC injection]. T Difference [MNP]-[SC injection]. Estimates are presented with 95% Cls. Cls for the log, transformed means
assume a Student's t test. Cls for seroprotection and seroconversion were calculated using the Wilson score method without continuity correction. Cls for differences between
proportions were calculated using the Newcombe method without continuity correction.
Table 4: Measles and rubella serum neutralising antibodies—toddler and infant primary immunogenicity populations

(120-9-162-7) in the MRV-SC group, and were similar
at day 180.

Reverse cumulative distribution curves illustrate the
alignment of the antibody distribution between
MRV-MNP and MRV-SC groups before and after vaccine
administration (figure 4C, D; appendix p 58). Data on
measles and rubella IgG antibody responses are provided
(appendix pp 58-63) and provide a similar picture to the
SNA responses.

Discussion

This phase 1/2 trial provides the first data on the use of
MNP to administer vaccines to children. In adults,
toddlers, and infants the MRV-MNP was well tolerated

www.thelancet.com Vol 403 May 11, 2024

and safe. The immunogenicity of the MRV when
administered by MNP was similar to the immunogenicity
of the vaccine when administered subcutaneously by
needle and syringe. The results are consistent with
preclinical studies which showed the MRV-MNP
generates protective SNA responses in non-human
primates.”

Given the delivery of the vaccine viruses directly into
the skin, mild local reactions at the MRV-MNP
application site were more frequent than at the
subcutaneous injection site. Induration was the most
common local solicited event in toddlers and infants.
The earlier peak in incidence in the toddlers (day 5)
compared with the infants (day 9) suggests an anamnestic
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Figure 4: Serum neutralising antibody seroprotection levels, geometric mean antibody concentrations, and reverse cumulative distribution curves—toddler

and infant cohorts

Toddler cohort (A) and infant cohort (B) measles and rubella serum neutralising antibody seroprotection rates (solid bars) and 95% Cls. Seroprotection rates are
defined as the percentage of evaluable participants with an antibody concentration higher than 200 mIU/mL for measles and higher than 10 IU/mL for rubella.
Toddler cohort (C) and infant cohort (D) measles and rubella serum neutralising antibody baseline and day 42 reverse cumulative distributions curves.
MNP=microneedle patch. MRV=measles and rubella vaccine. SC=subcutaneous. |U=international unit. *Measles geometric mean concentrations are measured in

mlU/mL. Rubella geometric mean concentrations are reported in IlU/mL

infiltration of cells primed by the previous measles and
rubella vaccination in toddlers, while the timing of the
response in the infants is consistent with a naive
response driven by viral replication.”* Despite this, it is
reassuring that all the reactions were mild and of no
safety concern in either group.

Application site hyperpigmentation occurred most
frequently following the MRV-MNP, although it also
occurred following placebo-MNP, so was not solely
driven by responses to the vaccine viruses. Diverse
inflammatory and other soluble mediators have been
shown to increase melanin production, while

post-inflammatory hyperpigmentation is also more
frequent in dark skin.” This is the first trial of MNP in an
African population, and the findings suggest that
transient hyperpigmentation should be expected and any
effect on MNP acceptability should continue to be
explored beyond this trial.

The doses of the attenuated viruses delivered by MNP
and subcutaneous injection were similar, although the
potential for antigen dose-sparing, through the delivery of
vaccine by the intradermal route, directly to a network of
antigen-presenting cells rather than by the subcutaneous
route, warrants future consideration.®” The measles
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seroconversion rate of 93% in infants who had the vaccine
delivered by MNP is comparable to the rates reported in
the published literature following subcutaneous delivery
of the vaccine. Between 85% and 90% of infants are
expected to seroconvert following vaccination at 9 months,
with the figure rising to 90% to 95% in children vaccinated
atage 12 months.” Similarly, a 2021 meta-analysis reported
a seroconversion rate of 99% (95% CI 98-99) in children
following a single dose of a rubella vaccine containing the
RA 27/3 strain and is consistent with our findings.*
Serum neutralising antibodies are considered to be the
gold-standard correlate of protection for both vaccines,
although the data linking immunogenicity and effective-
ness are scarce.”” However, the robust and comparable
immune responses to MNP and subcutaneous vaccine
administration are reassuring and also support further
development of this MNP technology.

The 5 min wear time for the patch aligns with the
minimum requirements set out in the target product
profile for MRV-MNP.* The document also emphasises
that a reduction in wear time would be preferable to
reduce the risk of premature removal by infants and
toddlers. Premature removal is also likely to be influenced
by the anatomical site of application. Generating
empirical data to further understand these risks and to
fully understand the programmatic effect of both wear
time and site for routine immunisations and SIA is
essential if the potential value of the MRV-MNP is to be
maximised. Future clinical studies will evaluate a shorter
wear time (eg, <1 min).

The trial had several strengths. The use of the double-
dummy design (which allowed the staff applying the MNP
and administering the subcutaneous injection, participants
and parents, and all staff collecting study endpoints to be
masked to allocation group) minimises the risks of
performance bias during MNP application and of observer
bias related to the collection of safety endpoints. The
design also reduces the risk of novelty bias, where there is
a tendency to report treatments as being better based on
the fact they are new, which in this case could have affected
safety endpoint data.” Conducting the study in The Gambia
also maximises the relevance of the findings to a key future
target population in west Africa. The MRV used in the
study has been given to many millions of children globally
and is known to provide reliable protection in those who
seroconvert. Thus, the immunogenicity readouts used in
the trial are expected to translate into future effects on
disease endpoints.

The trial had several limitations which predominantly
reflect its early phase design. Although it is the largest
trial of MNP conducted to date and the only trial in
children, the samples size was relatively small. The
analysis is descriptive and does not exclude statistically
or clinically significant differences in safety and
immunogenicity endpoints becoming apparent in
larger trials. The eligibility criteria were deliberately
restrictive in all age groups. The recruitment of healthy
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participants aimed to minimise the occurrence of
unrelated safety events, thus increasing the chances of
detecting low-level safety signals. Nonetheless, future
trials should be as representative as possible, in
particular including malnourished children and other
vulnerable groups. Generating data in children aged
6 months will also be important in due course,
considering the recommended use of MRV from this
age in outbreaks.

In summary, this trial reports the first data on the use
of MNP to deliver vaccines to children and infants. The
MNP technology has recently been ranked as being the
highest global innovation priority for achieving equity in
vaccination coverage in low-income and middle-income
countries, while MRV-MNPs are widely considered to be
potentially instrumental for measles and rubella
elimination. The tolerability, safety and immunogenicity
data generated support accelerating the development of
this key technology.

Contributors

EC, SH, MR, PAR, MRP, JLG, DVM, and IA contributed to the trial
design. IA, SD, MR, SH, DVM, H]J, and EC oversaw trial planning and
implementation. IA, MY, EA, AB, SD, LBJ, BD, AM, and EC
implemented the trial. PAR, SC, EE-B, and AN undertook the laboratory
analysis. MO, DJ, and AS-P conducted the data analysis. EC, SH, JLG,
PAR, HJ, IA, MR, and MRP interpreted the data. EC and SH have
accessed and verified all the data in the study. EC wrote the first draft of
the publication. All authors approved the final manuscript, had full
access to the study data, and accept responsibility to submit the
manuscript for publication.

Declaration of interests

SH, DVM, MRP, and MR are employees of, or affiliated with, Micron
Biomedical. All other authors declare no competing interests. The
findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.

Data sharing

Individual participant data will be shared after de-identification and
made available from 3 months after publication until 3 years after
publication. Clinical documents, including the study protocol, statistical
analysis plan, and informed consent form will be available immediately
after publication. Researchers who provide a scientifically sound
proposal to the corresponding author and sign a data access agreement
will receive access to individual participant data. Proposals will be
reviewed and approved by the investigator, sponsor (Micron Biomedical),
and collaborators based on scientific merit.

Acknowledgments

The Bill & Melinda Gates Foundation funded Micron Biomedical to
conduct this study. We thank the adults, toddlers, infants, and parents
who took part in this trial and their communities for ongoing support.
We acknowledge the commitment, determination, and skill of all
members of the scientific, field, laboratory, data management, and
supporting teams in The Gambia, at Micron Biomedical, and at the
Centers for Disease Control and Prevention. We thank the Serum
Institute of India for providing the measles and rubella vaccines used in
the trial. We also thank the Expanded Programme on Immunisation
team, public health officers, and other personnel from the Ministry of
Health of The Gambia. We thank the Data and Safety Monitoring Board
(Cornelia L Dekker [Chair], Nadine Rouphael, and Mainga Hamaluba)
for their oversight throughout the trial.

References

1  Minta AA, Ferrari M, Antoni S, et al. Progress toward regional
measles elimination - worldwide, 2000-2021.
MMWR Morb Mortal Wkly Rep 2022; 71: 1489-95.

1891



Articles

1892

10

11

12

13

14

15

16

Zimmerman LA, Knapp JK, Antoni S, Grant GB, Reef SE. Progress
toward rubella and congenital rubella syndrome control and
elimination - worldwide, 2012-2020. MM WR Morb Mortal Wkly Rep
2022; 71: 196-201.

WHO. Measles and rubella strategic framework: 2021-2030.

Feb 23, 2021. https://measlesrubellainitiative.org/measles-rubella-
strategic-framework-2021-2030/ (accessed March 13, 2022).

WHO. Measles vaccines: WHO position paper - April 2017,

Wkly Epidemiol Rec 2017; 17: 205-28.

Winter AK, Moss W]. Rubella. Lancet 2022; 399: 1336—46.

Wariri O, Nkereuwem E, Erondu NA, et al. A scorecard of progress
towards measles elimination in 15 west African countries, 2001-19:
a retrospective, multicountry analysis of national immunisation
coverage and surveillance data. Lancet Glob Health 2021; 9: €280-90.
Utazi CE, Wagai ], Pannell O, et al. Geospatial variation in measles
vaccine coverage through routine and campaign strategies in
Nigeria: analysis of recent household surveys. Vaccine 2020;
38:3062-71.

Orenstein WA, Hinman A, Nkowane B, Olive JM, Reingold A.
Measles and rubella global strategic plan 2012-2020 midterm
review. Vaccine 2018; 36 (suppl 1): Al-34.

Verguet S, Johri M, Morris SK, Gauvreau CL, Jha P, Jit M.
Controlling measles using supplemental immunization activities:
a mathematical model to inform optimal policy. Vaccine 2015;
33:1291-96.

Chopra M, Bhutta Z, Chang Blanc D, et al. Addressing the
persistent inequities in immunization coverage.

Bull World Health Organ 2020; 98: 146—48.

Portnoy A, Jit M, Helleringer S, Verguet S. Comparative
distributional impact of routine immunization and supplementary
immunization activities in delivery of measles vaccine in low- and
middle-income countries. Value Health 2020; 23: 891-97.
Postolovska I, Helleringer S, Kruk ME, Verguet S. Impact of
measles supplementary immunisation activities on utilisation of
maternal and child health services in low-income and middle-
income countries. BMJ Glob Health 2018; 3: e000466.
Hasso-Agopsowicz M, Crowcroft N, Biellik R, et al. Accelerating the
development of measles and rubella microarray patches to
eliminate measles and rubella: recent progress, remaining
challenges. Front Public Health 2022; 10: 809675.

Gavi, the Vaccine Alliance. Vaccine Innovation Prioritisation
Strategy (VIPS). Feb 9, 2024. https://www.gavi.org/our-alliance/
market-shaping/vaccine-innovation-prioritisation-strategy (accessed
March 1, 2024).

UNICEF. Measles-rubella microarray patch (MR-MAP) target
product profile. June, 2019. https://www.unicef.org/supply/target-
product-profile-measles-rubella-microarray-patch (accessed

May 27, 2023).

Arya ], Henry S, Kalluri H, McAllister DV, Pewin WP,

Prausnitz MR. Tolerability, usability and acceptability of dissolving
microneedle patch administration in human subjects. Biomaterials
2017; 128: 1-7.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Kagucia EW, Ochieng B, Were J, et al. Impact of mobile phone
delivered reminders and unconditional incentives on measles-
containing vaccine timeliness and coverage: a randomised
controlled trial in western Kenya. BM] Glob Health 2021; 6: €003357.
Joyce JC, Carroll TD, Collins ML, et al. A microneedle patch for
measles and rubella vaccination is immunogenic and protective in
infant rhesus macaques. J Infect Dis 2018; 218: 124-32.

Rouphael NG, Paine M, Mosley R, et al. The safety, immunogenicity,
and acceptability of inactivated influenza vaccine delivered by
microneedle patch (TTV-MNP 2015): a randomised, partly blinded,
placebo-controlled, phase 1 trial. Lancet 2017; 390: 649-58.

Cohen BJ, Audet S, Andrews N, Beeler J. Plaque reduction
neutralization test for measles antibodies: description of a
standardised laboratory method for use in immunogenicity studies
of aerosol vaccination. Vaccine 2007; 26: 59-66.

Lambert ND, Haralambieva IH, Kennedy RB, Ovsyannikova IG,
Pankratz VS, Poland GA. Polymorphisms in HLA-DPB1 are
associated with differences in rubella virus-specific humoral
immunity after vaccination. J Infect Dis 2015; 211: 898-905.
Coughlin MM, Matson Z, Sowers SB, et al. Development of a
measles and rubella multiplex bead serological assay for assessing
population immunity. J Clin Microbiol 2021; 59: €02716-20.
Newcombe RG. Two-sided confidence intervals for the single
proportion: comparison of seven methods. Stat Med 1998;

17: 857-72.

Newcombe RG. Interval estimation for the difference between
independent proportions: comparison of eleven methods. Stat Med
1998; 17: 873-90.

WHO. The immunological basis for immunization series:

module 7: measles: update 2020. https://apps.who.int/iris/
handle/10665/331533 (accessed Dec 3, 2023).

WHO. The immunological basis for immunization series: module
11: rubella: update 2008. https://apps.who.int/iris/handle/
10665/43922 (accessed Dec 3, 2023).

Fu C, Chen J, Lu J, et al. Roles of inflammation factors in
melanogenesis. Mol Med Rep 2020; 21: 1421-30.

Beals CR, Railkar RA, Schaeffer AK, et al. Immune response and
reactogenicity of intradermal administration versus subcutaneous
administration of varicella-zoster virus vaccine: an exploratory,
randomised, partly blinded trial. Lancet Infect Dis 2016; 16: 915-22.
Teunissen MB, Haniffa M, Collin MP. Insight into the
immunobiology of human skin and functional specialization of
skin dendritic cell subsets to innovate intradermal vaccination
design. Curr Top Microbiol Immunol 2012; 351: 25-76.

van den Boogaard ], de Gier B, de Oliveira Bressane Lima P, et al.
Immunogenicity, duration of protection, effectiveness and safety of
rubella containing vaccines: a systematic literature review and meta-
analysis. Vaccine 2021; 39: 889-900.

Persaud N, Heneghan C. Novelty bias. Catalogue Of Bias. https://
catalogofbias.org/biases/novelty-bias/ (accessed May 27, 2023).

www.thelancet.com Vol 403 May 11, 2024



Micron Biomedical Appoints Global Health Pioneer and Champion of Vaccine Access, Dr. Seth Berkley, as Scientific Advisor to the CEO

https://www.prnewswire.com/news-releases/micron-biomedical-appoints-...ess-dr-seth-berkley-as-scientific-advisor-to-the-ceo0-302072359.html

Micron Biomedical Appoints Global Health
Pioneer and Champion of Vaccine Access, Dr. Seth
Berkley, as Scientific Advisor to the CEO

NEWS PROVIDED BY
Micron Biomedical, Inc. =
Feb 27,2024, 07:00 ET

Immediate past president of GAVI, the world's largest distributor of vaccines, will advise on technical strategy to accelerate availability

of Micron's microarray technology that makes vaccines and treatments more accessible worldwide

ATLANTA, Feb. 27, 2024 /PRNewswire/ -- Micron Biomedical, a life science company developing first-in-class dissolvable microarray-
based products that simplify and improve the transport, storage, and administration of drugs and vaccines, today announced the
appointment of global public health pioneer, Dr. Seth Berkley, as scientific advisor to the CEO. In this capacity, Dr. Berkley will guide the
company's strategic manufacturing and supply chain efforts, as well as the go-to-market strategy including quality, distribution and

pricing.

"Vaccines are the most effective weapons we have
"It's time our current way of delivering injectable

pharmaceuticals was disrupted," said Dr. Seth Berkley.

against disease and no one has been more effective than
Dr. Seth Berkley in leading the world's most successful
distribution of life-saving vaccines," said Steven Damon, X Post this
CEO of Micron Biomedical. "As Micron pivots to mass

manufacturing and expanded vaccine and therapeutic

indications, Dr. Berkley's expertise will bring game-

changing perspectives that will allow us to even further

accelerate efforts to make pharmaceuticals more

accessible, more affordable and more convenient through

our microarray technology."

"It's time our current way of delivering injectable
pharmaceuticals was disrupted with technology that
enables simplified or self-administration of life-saving
vaccines and treatments and Micron Biomedical has the
most advanced needle-free technology with a
demonstrated ability to provide safe, effective medicine
and vaccines globally," said Dr. Seth Berkley. "As | continue
my work championing equitable access to vaccines and
improving the way the world prevents and responds to
disease, | am thrilled to take an active role in improving

global health as a strategic technical advisor to Micron

6/27/24, 3:21 PM
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Biomedical."

Last year, Micron Biomedical announced it is working to
build one of the first mass manufacturing facilities of

needle free vaccines in the world.

About Dr. Seth Berkley

Dr. Berkley is an infectious disease epidemiologist and
global health champion and former CEO of Gavi, the
Vaccine Alliance. There, he spearheaded an initiative to
expand worldwide vaccine access and supported
countries to vaccinate more than half of the world's
children against preventable disease. He also co-founded
COVAX, which enabled equitable access to Covid-19
vaccines and provided 2 billion doses to 146 countries.
Previously, Dr. Berkley founded the International AIDS
Vaccine Initiative and has worked with the Special
Pathogens Branch of the US Centers for Disease Control
and Prevention (CDC), the Massachusetts Department of
Public Health, the Ministry of Health of Uganda and the
Rockefeller Foundation. He has published hundreds of
articles, received numerous awards, three honorary

doctorates and was elected to the National Academy of

Medicine. His pioneering efforts in vaccine access have

Global health pioneer and champion of vaccine access, Dr. Seth Berkley, is appointed as Scientific
been heralded by numerous publications for his Advisor to the CEO of Micron Biomedical.

contributions to global health, including being named one
of the 100 most influential people in the world by TIME
Magazine. Dr. Berkley received his undergraduate and medical degrees from Brown University and trained in internal medicine at

Harvard University.

About Micron Biomedical

Micron Biomedical is the leader in dissolvable microarray-based, drug and vaccine administration technology. Micron Biomedical is a
clinical-stage life science company on a rapid path to commercializing its proprietary dissolvable, microarray technology. Micron's
technology is designed to improve access and achieve better health outcomes globally through injection-free, painless, and simple
and/or self-administration of drugs and vaccines, and by eliminating or reducing the need for cold chain transport and storage,
enhancing safety and efficacy, and improving patient compliance. Micron partners with and/or receives funding from private and public
pharmaceutical and biotech companies, the Bill & Melinda Gates Foundation, the Centers for Disease Control and Prevention (CDC),

PATH and the Georgia Research Alliance. For more information visit www.micronbiomedical.com

Media Inquiries:

Shira Derasmo

Cuttlefish Communications
+1917 280 2497

pr@micronbiomedical.com
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Micron Biomedical Initiates First-Ever
Microneedle Vaccine Clinical Trial in Children

NEWS PROVIDED BY
Micron Biomedical, Inc. =
Jul 13,2021, 07:30 ET

— Phase 1/2 Trial to Evaluate the Safety, Tolerability and Immunogenicity of Micron's Microneedle-Based Measles-Rubella Vaccine —

ATLANTA, July 13, 2021 /PRNewswire/ - Micron Biomedical, Inc. ("Micron" or the "Company"), a leader in dissolving, microneedle-based
vaccine and drug delivery, today announced that it has initiated a Phase 1/2 clinical trial of its microneedle-based measles-rubella ("MR")

vaccine.

The trial will assess the safety, tolerability and immunogenicity of an MR vaccine delivered using Micron's technology, compared with
delivery via standard subcutaneous injection, in adults and children. The Company-sponsored Phase 1/2 trial will be conducted at the
Medical Research Council Unit The Gambia ("MRCG") under the leadership of Ed Clarke, MB ChB PhD, Head of Infant Immunology at
the London School of Hygiene and Tropical Medicine ("LSHTM") in The Gambia.

"This clinical trial is the first to evaluate a microneedle-based vaccine delivery technology in pediatric subjects and is a testament to the
advanced development status of Micron's technology," commented Devin McAllister, PhD, Micron's Vice President, R&D. "This trial
reinforces Micron's position as a leader in microneedle-based vaccine and drug delivery technology, and we are excited to be

collaborating with Dr. Clarke and the MRCG at LSHTM on this groundbreaking clinical trial."

Dr. Clarke commented, "We, at MRCG at LSHTM, are very pleased to be leading this first human trial of a measles and rubella vaccine
delivered by microneedles. Microneedle technology, such as this, is viewed as being a key component to measles control in sub-
Saharan Africa and elsewhere. This reflects, amongst other things, the potential ease of delivery, reduced cold chain requirements and
absence of sharps waste. We expect the age-de-escalation trial we have recently started to give us considerable early information on

the new technology in a setting in which it has the potential to offer significant benefits."

The double-blind, randomized, controlled, double-dummy age de-escalation safety trial will enroll 45 adults (18-to-40 years old), 120
toddlers (15-to-18 months old) and 120 infants (9-to-10 months old). Serum samples from the trial will also be assessed for
immunogenicity at the Centers for Disease Control and Prevention ("CDC") in the laboratory of Dr. Paul Rota, Chief of the CDC's Viral
Vaccine Preventable Diseases Branch. Enrollment for the clinical trial is expected to continue through the second half of 2021, with

results expected to be available in the first half of 2022.

"This first clinical trial of a microneedle vaccine for measles and rubella could potentially help reach higher vaccination coverage more

easily, which would support our global elimination goals for measles and rubella," said Dr. Rota
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Measles is an extremely contagious and acute viral respiratory iliness. According to the World Health Organization, measles outbreaks
have significantly increased in recent years, with worldwide deaths increasing 50% from 2016 to 2019.' COVID-19 pandemic-related
disruptions in measles vaccination campaigns have exacerbated the measles crisis around the world. Rubella is a different viral disease
that is not as contagious, nor as severe as measles, but shares similar symptoms. When contracted by pregnant women, Rubella can

cause severe birth defects.?

Micron has been developing a dissolving microneedle-based technology for MR vaccination under previously announced grants from

the Bill & Melinda Gates Foundation. At the 2020 International Conference on Microneedles, Micron presented positive results from
an Institutional Review Board study that, for the first time, evaluated placebo microneedles in young children and infants as young as
six weeks old. Micron's technology was successfully evaluated in a Phase 1 clinical trial for seasonal influenza vaccination, the results of

which were published in the peer-reviewed journal, The Lancet.

World Health Organization. (2020, November 12). Worldwide measles deaths climb 50% from 2016 to 2019 claiming over 207 500 lives in 2019. World Health Organization.
https://www.who.int/news/item/12-11-2020-worldwide-measles-deaths-climb-50-from-2016-to-2019-claiming-over-207-500-lives-in-2019.

2Centers for Disease Control and Prevention. (2020, December 31). Pregnancy and Rubella. Centers for Disease Control and Prevention. https://www.cdc.gov/rubella/pregnancy.html.

About Micron Biomedical, Inc.

Micron is an Atlanta based company whose microneedle technology was initially developed at Georgia Tech in the lab of Mark
Prausnitz, PhD. Co-founded by Dr. Prausnitz, Dr. McAllister, and Sebastien Henry, MS, MBA, Micron has advanced the technology and
emerged as a leader in dissolving microneedle-based vaccine and drug delivery technology. Micron's partners and funders include
public and private vaccine and pharmaceutical companies, the Centers for Disease Control and Prevention (CDC), the Bill & Melinda

Gates Foundation (funding Micron's MR vaccination activities), UNICEF, and the Georgia Research Alliance.

SOURCE Micron Biomedical, Inc.
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Micron Biomedical Receives $23.6 Million to
Accelerate Commercial Manufacturing of Needle-
Free Vaccines and to Help Eradicate Measles

NEWS PROVIDED BY
Micron Biomedical, Inc. =
Nov 16, 2023, 09:00 ET

® Micron has received this grant from the Bill & Melinda Gates Foundation to fund mass production of needle-free vaccines utilizing
Micron technology to expand the accessibility of measles-rubella vaccine in developing countries

o New support from the foundation builds on a grant received in 2017 that enabled the first-ever clinical trial of microarray
technology in children

e Increased manufacturing capacity will create infrastructure for large clinical trials and commercial availability of needle-free

vaccine delivery

ATLANTA, Nov. 16, 2023 /PRNewswire/ -- Micron Biomedical, a life science company developing first-in-class dissolvable microarray-
based products that simplify and improve the transport, storage, and administration of drugs and vaccines, today announced a $23.6
million grant from the Bill & Melinda Gates Foundation that will fund mass production of needle-free vaccines. The manufacturing
facility will enable commercialization of the first microarray technology-based measles-rubella vaccine, indicated for children as young

as 9 months, once approved by the appropriate regulatory authorities following additional clinical study.

In low- and middle-income countries, measles remains a leading cause of death, primarily due to limited access to vaccines that require
refrigeration during transport and storage and clinicians to administer them. Micron is developing a needle-free version of the
measles-rubella (MR) vaccine based on its microarray technology. The technology reduces the need for a cold chain and allows a
community health worker to vaccinate a child within minutes by applying the technology to the skin and pressing a button that confirms

administration. The administration of the vaccine is virtually pain-free.

"Vaccines are among the most effective and cost-effective

" . .
tools to prevent measles and rubella, diseases that We have an opportunlty to greatly Improve access of

account for an estimated 350 deaths per day with a traditionally-injectable vaccines," said Steve Damon.
disproportionate impact on people living in low- and X Post this

middle-income countries1,“ said James Goodson, Senior

Scientist and Epidemiologist in the Global Immunization

Division at the Centers for Disease Control and Prevention

(CDC). "Microarray-based measles-rubella vaccines could

provide an alternative approach to delivering these life-

saving vaccines to children in regions with some of the highest rates of unimmunized children in the world and could help overcome

some of the most substantial barriers to eradicating measles and rubella globally."
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According to the World Health Organization, all children should be vaccinated against measles between the ages of 9 and 15 months,
then again between 15-18 months”. Earlier this year, Micron announced successful clinical data from a phase I/Il study in the Gambia,
which evaluated the safety, immunogenicity, and acceptability of the leading commercially available MR vaccine delivered by Micron's

microarray technology in adults, toddlers and infants as young as 9 months old.

"We're grateful to the Bill & Melinda Gates Foundation for the grant that allows us to build on our collaborative track record of bringing
effective and life-saving vaccines to children and adults in communities with limited infrastructure," said Steven Damon, CEO of Micron
Biomedical. "By supporting Micron's efforts to develop a state-of-the-art, high-quality and large-scale production facility to manufacture
our microarray technology, we have an opportunity to greatly improve on access and availability of measles/rubella vaccines, as well as

other traditionally-injectable

Global Health vaccines, in underserved populations around the world. This first commercial-scale production facility establishes

Micron's proof of concept for additional commercial vaccines and drugs in all markets globally."

Micron's technology has been recognized for its potential to achieve positive global impact. In addition to the opportunity to improve
access to vaccines and therapeutics in low- and middle-income countries, Micron's technology has an opportunity to improve health
globally as the evidence reflects that patient reluctance to receive injectable medicine can lead to delayed therapy, treatment
avoidance, and vaccine hesitancy in higher income countries. The technology's broad impact also includes US national health security,

as well as veteran and military health.

About Micron Biomedical

Micron Biomedical is the leader in dissolvable microarray-based, drug and vaccine administration technology. Micron Biomedical is a
clinical-stage life science company on a rapid path to commercializing its proprietary dissolvable, microarray technology. Micron's
technology is designed to improve access and achieve better health outcomes globally through injection-free, painless, and simple
and/or self-administration of drugs and vaccines, and by eliminating or reducing the need for cold chain transport and storage,
enhancing safety and efficacy, and improving patient compliance. Micron partners with and/or receives funding from private and public
pharmaceutical and biotech companies, the Bill & Melinda Gates Foundation, the Centers for Disease Control and Prevention (CDC),

PATH and the Georgia Research Alliance.

For more information visit www.micronbiomedical.com.

Media Inquiries:

Shira Derasmo
917-280-2497
pr@micronbiomedical.com

Partnership Inquiries
Micron Biomedical, Inc

bd@micronbiomedical.com

! CDC, Feb 2023 https://www.cdc.gov/globalhealth/measles/data/fast-facts-global-measles-rubella.html
? World Health Organization, Aug 2023 https://www.who.int/news-room/fact-sheets/detail/measles

SOURCE Micron Biomedical, Inc.
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plus placebo group intravascular ultrasound-optimised
percutaneous coronary intervention was associated
with a lower MACCE rate (1-8%) compared with
no IVUS use (5:3%), emphasising the benefits of
intravascular imaging.

careful  consideration regarding the
broader geographical generalisability of these findings
is warranted. Despite the multicentric nature of the
study, 98-7% of participants were from China and
Pakistan, with only 44 (1-3%) patients from Europe.
Given the acknowledged higher bleeding risk observed
in patients from eastern Asia,* the applicability of a
1-month dual antiplatelet therapy regimen followed by
ticagrelor monotherapy to other regions necessitates
evaluation. Furthermore, in the era of stratified
antiplatelet strategies according to the bleeding
phenotype and risks, subgroup analyses comparing
heightened bleeding
bleeding risk profiles are required to augment the
depth of the findings. The question remains open
regarding the appropriate therapy 12 months
after percutaneous coronary intervention. Which
antiplatelet regimen (eg, ticagrelor, aspirin, or even
clopidogrel monotherapy) should be prescribed to
patients following that transition is still unclear. These
concerns await resolution in future trials, which should
aim to ascertain the tailored dual antiplatelet therapy
combination and duration following acute coronary
syndrome.

However,

risk versus non-heightened
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GMS-G declares no competing interests.
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Measles and rubella vaccine microneedle patch: new hope to

reach the unreached children

Worldwide, more than 99% of the burden of measles
infections and deaths affects populations in low-income
and middle-income countries." Measles accounts for
3% of the global mortality of children younger than
five years, constituting 90% of deaths from measles,?
and rubella is the main vaccine-preventable cause of
birth defects.>Vaccine coverage, both through routine
and supplementary immunisation
below targets

immunisation

activities, remains for measles

www.thelancet.com Vol 403 May 11, 2024

elimination, with considerable heterogeneity between
and within countries.*+*

Barriers to immunisation, such as strict cold-chain
requirements, poor infrastructure, and suboptimal
ratios of patients to health-care workers fuel inequity.®
Moreover, out of concern for vaccine wastage associated
with multidose vials, health-care workers might miss
vaccination opportunities by turning away eligible
children unless a minimum number of children are
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present, given rapid loss of measles and rubella vaccine
potency following reconstitution.®” Once reconstituted,
within 1 h out of cold chain, half of measles vaccine
potency is lost at 20°C, and almost all potency is lost at
37°C2 Even when stored properly between 2 and 8°C,
unused doses of measles and rubella vaccines must be
discarded within 6 h of reconstitution.’

Developing strategies  for  challenging
delivery contexts is an ethical imperative. Even
for professionals experienced in complex settings,
reaching all children to obtain sufficient vaccination
coverage is difficult. Microneedle patches (MNPs) are
a technological innovation to potentially improve
coverage. By providing a more thermostable,
individual-dose, injection-free vaccine delivery device
suitable for administration by local, non-medical
personnel, MNPs could reduce wasted vaccine doses,
needle-stick injuries, and breaks in the cold chain, as
well as make waste management easier. They also
eliminate the need for vaccine reconstitution and

new

its associated risks, such as contamination or the use
of an inappropriate or expired diluent.® Experts have
called for proof-of-concept data to demonstrate
non-inferiority of MNPs versus subcutaneous vaccine
administration and to support MNP development and
deployment.®

Ikechukwu Adigweme and colleagues conducted a
phase 1/2, double-blind, double-dummy, single-centre,
randomised, active-controlled, age de-escalation
trial in The Gambia, published in the Lancet.” The

study population—all African, with the majority
from the Mandinka tribe—included 45 adults aged
18-40 years, 120 toddlers aged 15-18 months, and
120 infants aged 9-10 months. Based on random
allocation, study participants received either a measles
and rubella vaccine microneedle patch (MRV-MNP)
and placebo (0-9% sodium chloride) subcutaneous
injection (placebo-SC), or placebo MNP and MRV-SC.
Among adults, 30 participants (median age 22 years;
83% male and 17% female) were allocated to the
MRV-MNP and placebo-SC group, and 15 participants
(median age 21 years; 87% male and 13% female) were
allocated to the MRV-SC and placebo-MNP group. The
toddlers were split equally between the two allocation
groups (60 receiving MRV-MNP and placebo-SC and
60 receiving MRV-SC and placebo MNP), each group
with a median age of 15 months and with an equal split
between male and female toddlers. Among infants,
60 (median age 9 months; 43% male and 57% female)
were allocated to the MRV-MNP and placebo-SC
group and 60 (median age 9 months; 42% male and
58% female) were allocated to the MRV-SC and placebo
MNP group. The study results constitute the first data
on the immunogenicity, safety, and tolerability of MNPs
to deliver a measles and rubella vaccine to children
and infants.” Based on serum neutralising antibodies,
measles and rubella seroconversion rates were similar
among measles-naive and rubella-naive infants for
both vaccine administration routes. For MNPs measles
seroconversion was 93% (95% Cl 83-0-97-2) and rubella
was 100% (93-8 to 100); and for subcutaneous injection,
measles seroconversion was 90% (79-2-95-2) and rubella
was 100% (93-9-100). In toddlers, increases in antibody
concentrations to measles and rubella were similar
for both vaccine administration routes. Furthermore,
the study confirmed MNP safety and tolerability. The
researchers designed their trial judiciously, reducing bias
by masking staff and participants to allocation groups
and improving the generalisability of their findings by
conducting the research in a target population. Although
the study size was small, inclusion criteria restrictive,
and analyses purely descriptve, these encouraging, novel
results support further study and development of MNPs.

By not requiring reconstitution and demonstrating
greater thermostability, MNPs are already more
advantageous than their subcutaneous counterpart.®*
However, exploiting thermostability to enable storage

www.thelancet.com Vol 403 May 11, 2024
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of MNPs for at least 5-7 days at temperatures up to 40°C
would allow outreach teams to travel faster and farther
during so-called last mile outreach efforts, offering the
greatest chance to curb measles epidemics and reduce
morbidity and mortality. While ready to progress
to phase 3 trials, conducting additional research in
parallel would help answer remaining questions. For
example, implementing future studies in hard-to-reach
locations, with non-medical personnel administering
the MNPs, and expanding study participant eligibility
to include broader age groups (particularly 6-9-month-
olds), and vulnerable populations such as malnourished
children, would improve the generalisability of the
findings. Determination of the ideal anatomical site
of MNP application and contact time, as well as the
best method to ensure and optimise this, would be
beneficial. Furthermore, maximising the full potential
of MNPs will involve addressing challenges to their
practical implementation. For example, consideration
of how MNPs will interact with existing vaccine
schedules, particularly in countries that have not
transitioned to a combined measles and rubella
vaccine, and on the suitability of co-administration of
MNPs with other vaccines, will be important to large-
scale roll-out. Regulatory pathways for MNPs—as a
biological product (vaccine) contained within a medical
device (patch)—require clarification. Finally, funding
mechanisms will play an important role in ensuring the
long-term operational viability of MNPs.**
Adigweme and colleagues’ contributions
the research one major step forward, offering great
hope in the pursuit of equitable measles and rubella

move

vaccine access. MNPs could be truly game-changing
in humanitarian settings, and we look forward to their
arrival in the field.
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The role of racial and ethnic discrimination in breast cancer

disparities

The Lancet Breast Cancer Commission report encompasses
prevention, personalised treatment, inclusive manage-
ment of metastatic breast cancer, identifying the
hidden costs of breast cancer, tackling breast cancer
gaps and inequities through global collaboration,
and communication and empowerment.' It is also
important to recognise and address discrimination as
a key determinant of breast cancer disparities. Here
we elucidate mechanisms through which racial and
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ethnic discrimination affects breast cancer outcomes,
and provide a few promising examples to address
discrimination via the implementation of anti-
discrimination health-care policies and interventions
and the mobilisation of minority groups.

Race and ethnicity are social constructs without a
biological basis that categorise people into groups
with a hierarchy that privileges some groups.”* Both
racial and ethnic discrimination operate at individual,
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