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A promising new delivery technology, the microarray patch (MAPs) consists of an array of small solid-
coated or dissolvable needles, up to one mm in length, that administers a dry formulation of a vaccine
or pharmaceutical. This study is not a real-life evaluation study but determines the anticipated accept-
ability of the Nanopatch™, a solid microarray patch device, in Benin, Nepal and Vietnam for vaccine deliv-
ery, and identifies factors that could improve the acceptability of the technology to increase measles
immunization coverage.

Key.wordS: This study combined several evaluation methods, including simulation of vaccine administration on
Attitude to health . . . . . .

Nanopatch children and in-depth interviews with key stakeholders, healthcare workers, community health volun-
Microneedle teers, caretakers, and community representatives.

Immunization programs A total of 314 people participated in the study. The overall rate of total acceptability of the patch for
Vaccine child immunization was 92.7%. General opinions were very positive, providing clinical studies confirm

that MAP administration is demonstrated to be painless, safe and effective for infectious disease preven-
tion. The study participants were asked to consider the best strategy to introduce such vaccine delivery
innovation. Firstly, delivery by skilled healthcare workers at the healthcare facilities will be preferred to
establish the technology. Following this, administration by selected volunteers and outreach delivery

may be possible, though under the supervision of skilled healthcare workers.
This study’s protocol received approval from the World Health Organization (WHO) Ethical Research

Committee (ERC0002813) and the national IRB in Benin, Nepal and Vietnam.
© 2019 Elsevier Ltd. All rights reserved.

1. Introduction strained human resources to manage complex delivery logistics

and administration that can lead to lack of timely administration

Despite the success of global immunization programmes and
mass vaccination campaigns, as well as continual research to
improve existing vaccines and develop new approaches, approxi-
mately 1.5 million children under five years of age are still dying
from vaccine-preventable diseases, each year [1]. The challenges
associated with current needle and syringe-based immunization
strategies in low and middle-income countries (LMICs) include:
safety issues encountered by staff and recipients such as needle
stick injuries [2] and vaccine reconstitution errors [3,4]; con-
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within the expanded programme for immunization (EPI) schedule,
large volume of sharp waste [5]; unaffordable costs compared to
oral administration [6] and poor acceptability by end-users [7].
To address these issues, the World Health Organization (WHO) is
investigating the feasibility of promising new vaccine delivery
technologies and is particularly interested in the applicability of
MAP to achieve more equitable coverage of measles vaccine.
Microarray patches (MAPs) consist of an array of small solid-
coated or dissolvable needles, up to 1 mm in length, that delivers
a dry formulation of vaccine or pharmaceutical into the upper lay-
ers of the skin. It is anticipated that microarray patches could be
used to deliver vaccines in supplementary immunization activities
(SIAs) as well as routine immunization programs, to accelerate
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measles elimination [8]. Among its most promising attributes, MAP
may enable vaccine to be administered by minimally trained com-
munity health volunteers (CHVs) rather than health care workers
(HCWs), thereby easing resource constraints, especially during
outreach [9]. Another possibility may be to use the MAP in a con-
trolled temperature chain (CTC) or completely out of the cold chain
[10]. The administration of MAP by CHVs, and/or its potentially
greater thermostability would considerably ease the logistics and
cost of vaccine delivery during SIAs, particularly in remote or inac-
cessible areas [11].

This study evaluates a prototype version of the Nanopatch™
device produced by one microarray patch developer, Vaxxas Pty
Ltd. The Nanopatch™ is solid (and not dissolvable) and consists of
a puck-like device containing an integrated applicator and the
MAP; a square array (approximately 1cm x 1cm) of polymer
micro-projections (up to 10,000 per MAP, 250 um in length)
(Fig. 1a). Pressure on the top of the device, actuates the spring-
powered applicator which then provides the appropriate amount
of force to apply the MAP to the surface of the skin and enable
the micro-projections to penetrate into the epidermis and upper
dermis. The Nanopatch device has been evaluated in five studies
to date [12-15,18]; one with ‘uncoated’ MAPs to assess tolerability,
reactogenicity or acceptability [12], and one where Nanopatches
were used to deliver an influenza vaccine [ 13]. An additional phase
I trial using Nanopatches to deliver influenza vaccine is in progress
(ACTRN12618000112268). For the purposes of this study, the
device did not contain a MAP or vaccine, but did have the spring-
activated applicator, and represented the appearance and adminis-

Fig. 1a. The MAP prototype used in the study.

tration of the vaccine containing MAP in every other way. The sim-
ulation of the vaccination was also virtually identical to application
of a vaccine-containing MAP (Fig. 1b).

A study to evaluate the perception of microneedle-patch vac-
cine delivery by parents in Ireland suggested that, even for those
who support vaccination, there is caution regarding a novel vaccine
delivery approach [14,15]. Additional acceptability studies of MAPs
have been undertaken [12,16,17], including its amenability to self-
administration [18], using MAPs without vaccine antigens. In gen-
eral, the administration of vaccines by MAP rather than needle and
syringe is much preferred and understanding of end user prefer-
ences during product development will help ensure uptake. With
that in mind, the objectives of this study were to determine the
anticipated end-user acceptability of the Nanopatch™ device in
the context of measles containing vaccine (MCV) pediatric immu-
nization in LMICs, specifically Benin, Nepal and Vietnam, and to
identify factors that could influence the acceptability of this tech-
nology so that it may, in the future, have the potential to increase
MCV immunization coverage. More broadly, these study findings
help to identify barriers and improvements for acceptability of
MAP technology under development, particularly for pediatric
immunization in LMICs.

2. Methods

This study combined several methods to obtain evidence-based
data on the acceptability of the Nanopatch™ MAP devices in chil-
dren aged 9-23 months. Opinions were collected from key stake-
holders involved in the EPI and vaccine safety and management
at both the central and district levels, as well as HCWs and CHVs
in health facilities. Caretakers (CTs) of children aged 9-23 months
and community representatives (CRs) were also included. A combi-
nation of in-depth interviews, questionnaires, administration sim-
ulations and post-simulation questionnaires were used (Fig. 2).

2.1. Study site selection

The study was conducted in three different WHO regions: Benin
in the African region, Nepal in the South-East Asian region and
Vietnam in the Western Pacific region. All three countries sub-
scribe to the Global Vaccine Action Plan to eliminate measles by
2020 and participate in the Measles Rubella Initiative. Two districts
were selected in each country: one rural and one urban. District
selection was conducted in collaboration with the Ministry of
Health (MoH) and WHO country offices; districts with MCV immu-
nization coverage close to the national targets were selected.

INSTRUCTIONS FOR USE IMPORTANT: This device is single use dispos

n Hold infant as Identify a healthy |B Remove foil seal Place applicator on Leave applicator Remove applicator n Dispose of the

shown to prevent application site from applicator skin. Press centre in place for 10 perpendicular to applicator into
movement (dgltoid shown) until a click is heard seconds safety box

¥

Fig. 1b. Manufacturer’s Instructions for Use.
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Fig. 2. Overview of study groups and Methodology used.

2.2. Participant selection

Study participants were identified mostly using purposive sam-
pling. This type of sampling can be very useful to reach a targeted
sample quickly, and it has been used in this study to facilitate iden-
tification and inclusion of participants who have the most relevant
experience to participate. At the central and district levels specifi-
cally, key stakeholders who were involved in the EPI and vaccine
safety and management were identified in collaboration with the
MoH and WHO country offices. To document the vaccinators’ per-
spectives at a peripheral level, HCWs were identified in health
facilities when they were involved in immunization activities.
CHVs were included in the study when they were involved in
health promotion activities for immunization. These CHVs typi-
cally participate in oral polio vaccine (OPV) delivery and received
information about Adverse Events Following Immunization (AEFI)
monitoring. Community representatives were also included in
the study.

The majority of caretakers were identified based on conve-
nience at the health facility level. To assess the recipient view-
points, caretakers of children aged 9-23 months were asked to
participate in vaccination simulation when they presented at the
health facility to immunize their children against measles or Japa-
nese encephalitis. Furthermore, some CTs of under-vaccinated chil-
dren aged 9-23 months were identified at the health facility based

on the information contained in vaccination cards in Vietnam or on
CHVs’ indications in Benin at community level.

2.3. Methods for data collection

Observation grids were completed by the national research
team during the simulated vaccination with the MAP device to
compile the reactions of recipients and administrators at each
stage of the application procedure. The MAP device simulation
was performed before the needle and syringe immunization that
the child was to receive that day. Briefly, the simulation involved
holding the child while positioning the device onto the application
site and pressing the applicator until the click was heard. The
device was left in place on the skin for 10s. Vaxxas has pre-
clinical data (unpublished) showing that the amount of antigen
delivered with a 10 s wear time is equivalent to that seen with
2 min wear time. Therefore a 10-second wear time is expected to
be equivalent to 2 min in terms of immune response induction,
and this is why it was selected for this study.

The device is designed to remain in place on the arm, without
being held in position. In the usual configuration, this is achieved
by the micro-projections penetrating the skin; because the proto-
types in the study did not have projections, the devices incorpo-
rated a medical adhesive as an alternative. The device was then
removed and disposed of into a safety box (Fig. 1b). Just after the
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simulation, post-simulation questionnaires were conducted with
CTs who accepted or refused but observed the MAP device applica-
tion on another child, to document their reasons for accepting or
refusing to participate in the simulation. Semi-structured in-
depth interviews were conducted with all categories of partici-
pants after the device presentation or simulation. Six caretakers
who refused the simulation were not available to participate in
the interviews. Questionnaires included socio-economic indicators
and closed-ended questions to collect data on the socio-economic
characteristics of the caretakers in case this had a bearing on
acceptability (tools are available upon request).

2.4. Data analysis

Observations were entered in an Microsoft Excel database for
analysis. The post-simulation and closed-ended questionnaires
were completed by hand and answers were entered in the Sur-
veyGizmo software to generate descriptive quantitative reports
for the central team’s analysis (the team who designed and coordi-
nated the study and did the cross-country analysis). All interviews
were coded using pre-identified items listed in the interview
guidelines by the country teams. In addition, to monitor and
ensure the quality of analysis, and identify trends across contexts
in the different countries, 20% of the most thorough interviews
were purposively selected by each category of participants to
assess consistency by the central team.

2.5. Ethical considerations

In order to assess ethical integrity of the methodology, the
study protocol underwent review and approval by the WHO Ethics
and Review Committee (ERC0002813). As part of this process,
reviews by three independent expert and external peers were con-
ducted, followed by further review by the national institutional
review boards (IRB) in the three study sites. All participants were

informed about the study and signed a consent form before partic-
ipating in the study.

3. Results
3.1. Study participants

A total of 314 people participated in the study (Fig. 2), which
included: forty-eight experts (Key stakeholders) of the EPI (30 at
central and 18 at district level), 48 HCWs, 49 CHVs, 24 CRs and
145 CTs.

A total of 294 interviews were conducted across the different
categories of participants, with 244 closed-ended questionnaires
completed. The number of participants at the central and district
levels were the same in all three countries, and consistent across
the healthcare facilities and community settings for Benin and
Vietnam. In Nepal, the number of study participants was lower
as it was not possible to identify CTs who did not vaccinate their
children. In total, 258 of the 266 (97%) study participants at the
health facility level answered socio-demographic questions. Fol-
lowing a total of 128 vaccine administration simulations across
all three sites, 137 short questionnaires were completed with care-
takers who accepted (n = 128) or refused (n = 9) the device applica-
tion (Fig. 2).

Overall, 76.4% of respondents were women (Table 1). Male
respondents were made up 75% of the HCWs, CHVs (although in
Nepal the CHVs were all female) and CRs, however males repre-
sented only 5.1% of the CTs. The gender distribution among MAP
device recipients was equal, including those for whom their CTs
refused simulation. CTs were mostly 18-45 years old, while in
other stakeholder categories ages mostly ranged from 36 to
55years old. The same demographic trends were observed in
urban and rural contexts, as expected in the protocol.

All levels of education and the profession were represented
with no clear influence on opinions. Both CTs with and those lack-
ing formal education refused the simulation or shared concerns

Table 1
Characteristics of study participants.
HCW (n=48) CHV(n=49) CT who accepted (n=128) CT who refused (n=9) CR(n=24) Total (n=258) Percent
Gender
Male 18 18 7 0 18 61 23.6
BN 5 12 0 0 8 25 9.7
NL 9 0 0 0 5 14 5.4
VN 4 6 7 0 5 22 8.5
Female 30 31 121 9 6 197 76.4
BN 11 4 40 4 0 59 229
NL 7 17 32 2 3 61 23.6
VN 12 10 49 3 3 77 29.8
Age
Under 18 0 0 6 0 0 6 23
18-25 2 3 50 2 0 57 221
26-35 18 9 57 5 7 96 37.2
36-45 17 20 14 2 6 59 229
46-55 9 10 0 0 6 25 9.7
56-65 2 5 1 0 4 12 4.6
Over 65 0 2 0 0 1 3 1.2
Rural/urban
Rural ND ND 78 4 14 96 37.2
Urban ND ND 50 5 10 65 25.2
ND 48 49 0 0 0 97 37.6
Level of education
Illiterate ND ND 21 2 0 23 8.9
Primary level ND ND 39 2 4 45 174
Secondary level ND Nd 44 2 9 55 21.3
Intermediate/vocational training  ND ND 1 2 8 3.1
Graduate ND ND 19 2 7 28 10.8
ND 48 49 0 0 99 384
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Table 2
Summary of perceived Advantages and Drawbacks of MAP.

MAP features Perceived advantages

Perceived drawbacks

Perceived pain e MAP looks painless

e MAP could overcome vaccine refusal due to fear of

injection with needles

Safety No needle-stick injuries due to reconstitution or during
administration device is prefilled and sterilized reduced

risk of loss of potency if heat-stable
Efficacy N/A

“Is the MAP efficacious if the administration route is
painless?”

Risk of severe cutaneous reactions associated with
intradermal administration (BCG like)

Asked for evidence of intradermal immunization efficacy

Period of administration (10 sec.)

Single dose presentation

Heat-stability

Seems acceptable for most participants

Would reduce the time to receive vaccination and
facilitate CTs availability with no need to wait for
other recipients in the case of a multi-dose vial
Would facilitate catch-up activities for hard-to-reach
children

Would improve vaccine safety in case of equipment
or power failure

Would facilitate storage at all levels of delivery
system

Would reduce loss of potency and vaccine wastage
Would facilitate transport for outreach activities
with no need for heavy equipment

e Concerns about the feasibility of holding children
during 10 s if painful

Not possible for vaccinators to count during admin-
istration and provide advice to CTs simultaneously
Volume in the cold chain

Advantage of a single dose presentation would
potentially be limited if children needed to receive
other MDV vaccines

Need for scientific evidence of safety associated with
storage out of cold chain in warm settings
e Warehouses for dry storage are not well controlled

Dose delivery N/A

How to ensure the right dose has been delivered?
How to ensure the patch is coated with the vaccine
and not reused?

about MAP or immunization in general. Religious affiliation did not
appear as a socio-demographic determinant for vaccine or device
acceptability.

3.2. Study participants’ initial impressions

A total of 137 CTs were invited to participate in the vaccination
simulation at health centres. Of these, 128 CTs accepted the simu-
lation (93.5%) and 9 CTs refused to participate (6.5%). Seven CTs
explained that they refused to apply an unknown device on their
child (even though they understood that it did not contain a vac-
cine or MAP). Two CTs added that the time of simulation (prior
to immunization) was not suitable, notably because their children
were already unsettled and they did not want to extend the ses-
sion. CTs who accepted the simulation were subsequently asked
“Would you accept to let your child be vaccinated using the patch
during routine activities at health facility level?” The overall rate of
total acceptability of the patch for their child’s immunization was
92.7%, with the lowest observed in Nepal (81.3%), and highest in
Vietnam (98.3%).

In interviews, general opinions from study participants about
MAPs device were very positive. The major perceptions regarding
the advantage and disadvantages the device are listed in Table 2.
This feedback is mostly through solicited responses.

A total of 10 main aspects were identified by the study partici-
pants to describe their enthusiasm or doubts about the MAP
device, and these can be classified into two major themes: (i) the
potential programmatic benefits which might be enabled by MAP
features, and (ii) the potential impact of MAP on end-users’ expe-
riences of immunization.

3.2.1. Potential programmatic benefits

According to key informants at the central and district level, the
ease of MAP delivery could mean that additional vaccinators could
be available among the CHVs to facilitate outreach activities,
notably house-to-house (H2H) vaccine delivery to increase vaccine

coverage and equity of vaccination. However, a key pre-requisite
for success of using MAP in this immunization strategy is the
acceptability by end-users (both administrators and recipients) of
such strategies when delivering current vaccines (Fig. 3). This is
particularly important, given that countries may be reluctant to
use H2H delivery because it is considered more costly and logisti-
cally difficult [19] even though some studies suggest it is an effec-
tive method for ensuring universal immunization [20]. This study
aims to consider the acceptability of delivery by CHVs in a H2H set-
ting, not the feasibility of the H2H vaccination strategy.

MAP device uses during routine activities in health facilities
where vaccines are usually administrated was positively perceived
by the majority of participants in all three countries (91.8% of all
types of participants in all countries combined). Using MAP during
outreach activities at fixed posts was also well anticipated by the
majority of participants (average of 87.7%), with a preference for
such a strategy in Nepal (93% approval). Using MAP at home during
outreach strategies/SIAs was perceived more cautiously (average of
60.2%). CRs (average of 79%) were the most enthusiastic about MAP
vaccine delivery by CHVs whereas strong concerns were expressed
by approximately 50% of HCWs in each of the three countries. Even
community health volunteers themselves (45%) shared doubts
about the acceptability of the CHV group performing immunization
using the MAP, even though they already conduct vaccination
related activities.

A significant proportion of CTs (37%) were not confident in the
ability of the CHV group to deliver immunizations by MAP (Fig. 4).
These concerns regarding the required skills of vaccinators
explains why the anticipated acceptability of MAP use during
house-to-house activities was lower than for the other vaccination
scenarios at 60.2% overall. This is because of the existing lack of
confidence in the quality of vaccines or in the unskilled vaccinators
during house-to-house activities in both settings where these
activities are and are not used in practice, rather than the features
of the MAP device itself. CTs and CRs in all three countries
explained they would prefer trained vaccinators with the highest
level of education to administer vaccines to their children.
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Fig. 3. Anticipated Acceptability of MAP use per delivery strategy, by stakeholder
group.

According to study participants in the three countries, MAP
would be a valuable tool to facilitate house-to-house catch-up
activities among the most hard-to-reach and willing populations.
These include people who cannot cover costs for transport to the
health facility (HF) or fixed posts, people who cannot suspend their
economic/household activities for a significant amount of time,
and those who avoid social interactions (because of existing con-
flicts with other community members who may be met during
public sessions or because of perceived discrimination/shame

due to their visible poverty). But conditions for successful CHVs
involvement for house-to-house MAP immunization would be:
(1) to select and train the CHVs with the requisite skills and qual-
ifications (2) to not allow CHVs to administer a vaccine with a MAP
without healthcare worker supervision, notably to ensure AEFI pre-
vention and management, and to verify EPI reporting, (3) to have
clear communication from the Ministry of Health to the CHVs,
CRs and CTs explaining why CHVs should be allowed to administer
MAPs, rather than injectable vaccines, and that CHVs have received
the training they need to perform this activity.

Study participants shared similar requirements when com-
menting on the theoretical possibility of caretaker administration
on their own child.

3.2.2. The potential impact of MAP on end-users’ experiences of
immunization

The common perception is that MAP immunization will be pain-
less. This impression provides interesting insights into the prefer-
ence for painless delivery methods to replace injection for vaccine
administration. Pain is attributed to the act of injection itself as well
as to the potential AEFI. The CTs explained how children’s pain and
reactions can impact their household life. They described the associ-
ated expenses if reactions require medical follow-up with repeated
transport to the HF, and costs for treatment and care. In such situa-
tions, the constraints on CTs’ availability are compounded. MAP
(both device and process of vaccine delivery) would impact very pos-
itively on the experience of immunization and contribute towards
eliminating vaccine hesitancy and refusals due to fear of injections.

All study participants considered that MAP looks safer than
injection. All categories of participants spontaneously perceived
how infection or injuries attributed to deep intramuscular injec-
tion (such as nerve damage) and needle stick exposure would be
avoided with MAP administration. In addition, some healthcare
workers and some key informants described how delivery of a vac-
cine dose by an integrated and sterile device would avoid contam-
ination of the vaccine and would also eliminate the errors due to
vaccine reconstitution and dose preparation that occur with needle
and syringe. Potential heat-stability was also perceived by key
informants in Vietnam as being an advantage for maintaining vac-
cine quality in case of equipment failure or power outage.

Nevertheless, even if MAP looks safer, some HCWs and key
informants compared the route of administration by MAP device
with the intradermal administration of the Bacillus Calmette-
Guérin (BCG) vaccine against tuberculosis (TB). The study partici-
pants described how a BCG scar is perceived as a sign of vaccine
efficacy. However, complications which occasionally result from
BCG immunization such as infection, have been described by some
study participants as a reason for becoming vaccine hesitant. MAP
reactogenicity, which would most probably be antigen dependent,
is not expected to be a concern if the reactions are equivalent or
less severe than for BCG, and if they are well anticipated before
MAP administration.

Perception of efficacy is the third criterion for MAP acceptabil-
ity. All categories of participants shared a common concern about
the MAP efficacy over the intramuscular administration and
expressed the need for scientific evidence to demonstrate equiva-
lent or superior performance of the MAP vaccine.

4. Discussion

The potential applicability of microarray patch vaccine delivery
in various immunization strategies depends on current perceptions
of various stakeholders involved in immunization [21] and should
be considered when determining how MAPs can best be used in
increase coverage and improve equity goals [22]. Participants from
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Fig. 4. Anticipated acceptability of MAP administration by vaccinators by stakeholder group.
all stakeholder categories would prefer the use of MAPs during tration by skilled vaccinators. The current perception that MAP

routine activities at the health facility level - which are perceived delivery by CHVs is not of interest in house-to-house activities
as having the highest standards for vaccine storage and adminis- led to suggestions that the MAP devices should initially be used
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by HCWs in HFs to increase familiarity with the innovation and
establish its safety and effectiveness prior to their use for outreach
activities (in fixed posts or house-to-house activities). Under these
conditions, CHVs could be authorized to administer MAPs at the
HF, though only under supervision of healthcare workers and after
clear communication about the CHVs’ selection process and their
limited involvement in house-to-house activities. Once the accept-
ability of MAP is established at the HF level, the MAPs could be
implemented in outreach activities where it would lead to real
improvements in vaccine coverage and equity.

This study does not allow for pain or AEFI evaluation when
administering MAPs because of the use of a dummy device during
simulations. Despite this limitation, it was extremely clear that the
ability of MAPs to decrease the pain and anxiety associated with
immunization is the major expectation of CTs and would be a sig-
nificant advantage over needle and syringe. If only few CTs refuse
vaccines because of the risk of AEFI and painful experiences, an
alternative delivery method to needle and syringe may be accepted
if reactogenicity is limited and well-described. The first clinical
studies with a MAP have been performed with influenza vaccine
in adults [12,13,16-18]. Applications resulted in erythema lasting
several days or weeks. A qualitative assessment of the perceptions
of such AEFI in LMICs when a MAP containing arrays and vaccine is
applied on children will be crucial to informing key communica-
tion messages prior to microarray patch administration.

Demonstration of equivalent efficacy in comparison with the
conventional sub-cutaneous injection would be imperative for
accepting MAP use for MCV immunization. In most cases, syringes
are transparent and enable verification that the complete vaccine
dose is delivered and no liquid remains in the syringe. Participants
requested a visible cue on MAP to indicate delivery of the complete
dose.

The study presents some additional limitations. Study partici-
pants were recruited following the purposive or convenient sam-
pling method. Quantitative results are not statistically
representative (not randomized or stratified samples) but they give
some indication about the weight of each type of response. CTs
with negative attitudes towards vaccines are under-represented.
Evaluation of acceptability and feasibility of MAP and outreach
strategies among the hard-to-reach populations would be of inter-
est to confirm whether the MAP strategy is able to enhance vaccine
equity.

Prior to undertaking this study, the assumptions of many
involved in MAP product development was that this innovative
delivery technology would have the greatest public health impact
in the context of house-to-house vaccination, by enabling CHVs to
deliver potentially thermostable vaccines to the most remote and
inaccessible areas. This acceptability study has evaluated the per-
ceptions of end-users across several vaccination settings within
three LMICs and concluded that the concept of MAP vaccination
is generally very well accepted. Of note, there is broad support
for its use primarily in routine immunization within health care
facilities, particularly with administration by trained health care
workers since MAP is a novel, unfamiliar vaccination technology.
A real-life evaluation will be required also to confirm MAP usability
when administrated by community health volunteers.

Considering that the cost per dose of MAP [23] is anticipated to
be higher than multi-dose vials and delivery by injection, MAP vac-
cine delivery may not be cost effective in the routine immunization
setting when first introduced [24]. However, this study suggests
that the MAP will need to be implemented in this setting initially,
in order to establish familiarity and credibility of the technology
before its implementation in more remote areas. It will also be
important to evaluate the logistical impact of introducing MAP into
the healthcare system, as well as the safety and acceptability ben-
efits of eliminating the need for vaccine reconstitution. Evaluation

of the trade-off in cost per dose and cost to vaccinate a child, in
addition to the reach (currently un- or under-immunized popula-
tions) that MAPs may achieve in relation to needles and syringe
will be needed to demonstrate its potential value as compared to
vials, needle and syringes. Cost-effectiveness and logistical impact
evaluations based on the potential use cases for MAP will provide
additional insight to estimate the real potential for introducing
acceptable and sustainable alternatives to needle and syringe.
Overall MAPs were found to be acceptable, and additional analysis
of their use is warranted.
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