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Introduction: Recent trends in intradermal (ID) vaccination, as seen in the Global Polio Eradication
Initiative and in the 2022 monkeypox (mpox) pandemic, are a reminder that vaccine administration to
the dermis is a valuable alternative to the traditional routes of parenteral delivery. Despite favorable
policy toward ID fractional inactivated polio vaccine (fIPV) in anticipation of oral polio vaccine (OPV)
cessation, and despite WHO’s emergency-use authorization of fractional ID mpox vaccine in response
to the 2024 mpox public health emergency of international concern, ID delivery remains an
underutilized strategy with the potential for broader impact, including improved coverage and cost
savings. We aim to provide a comprehensive narrative review and perspective on the published
implementation research on novel ID delivery methods used for fIPV immunization to better
understand the available ID delivery options, their implementation challenges, benefits, and
opportunities for broader use for ID delivery of other vaccines, including rabies, malaria, and mpox.
Methods: This industry perspective summarizes selected published evidence. A literature search was
conducted using PubMed to identify literature in any language, published between January 2015 and
July 2024, with the terms “inactivated polio vaccine” and “intradermal delivery”. We identified studies
that included implementation research on novel alternatives to needle and syringe (NS) ID delivery of
fIPV.

Results: Of the 59 publications identified in the search, 14 met the exclusion and inclusion criteria as
original studies on human subjects using novel delivery methods for ID administration of commercial
fIPV vaccines. Six novel technologies were identified. In general, novel ID delivery technologies
compared favorably against NS delivery. The benefits of several of these technologies include high
acceptance among both healthcare workers and caregivers, improved coverage rates, and cost savings.
Two alternative ID delivery technologies are commercially available. The needle-free technology,
Tropis®—ID (PharmaJet), has the most extensive body of implementation research among the
alternatives reviewed and is the only technology in this review to achieve WHO prequalification.
Conclusion: Novel technologies for ID delivery of fIPV are viable and, in some cases, offer advantages
over ID delivery with NS. Commercially available needle-free ID delivery has been thoroughly
researched for campaign use and has been shown to reduce costs and increase coverage for polio
immunization programs. ID delivery using novel alternatives to NS can be a valuable strategy for
increasing equitable access to vaccines and for addressing vaccine shortages during campaigns and
pandemic response. Commercially available needle-free ID delivery can increase campaign reach,
enable effective strategies such as house-to-house campaigns, and potentially empower personnel
without formal health training to administer vaccines. These results also suggest that alternative ID
delivery methods should be evaluated in new vaccine development.

This narrative review and perspective was sponsored by PharmaJet and reflects an industry frame of
reference on intradermal delivery technologies for fIPV implementation.

Corresponding author: Paul LaBarre, Paul.LaBarre@Pharma]Jet.com

Summary
o What is already known on this topic: ID delivery of vaccines has well-established immunological

benefits. Strategies for ID delivery have been developed to reduce immunization costs and to extend
limited vaccine stocks. Novel ID delivery technologies have been assessed individually and compared
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with other novel technologies and to the standard Mantoux technique in studies that include
implementation research.

« What this study adds: Commercially available, novel, needle-free ID delivery technologies can increase
campaign reach, enable effective strategies such as house-to-house campaigns, and potentially
empower personnel without formal health training to administer vaccines.

« How this study might affect research, practice or policy: As coverage, acceptability, and cost savings are
prized benefits of ID delivery, novel ID delivery methods should be implemented with fIPV and further
evaluated with other vaccines that have been validated for ID delivery such as post-exposure rabies
vaccine and mpox.

Strengths and limitations of this study

« In the absence of a systematic review on the topic, this narrative review and perspective is the most
comprehensive review of the implementation research conducted on novel technologies for ID delivery
of fIPV.

» The findings in this review are applicable to ID delivery of additional vaccines of public health and
global health interest.

« The authors caution causal interpretation of observed associations due to the observational nature of
the reviewed implementation research. Reported associations are largely based on campaign-level
observational studies with limited adjustment for contextual confounders such as campaign intensity,
social mobilization strategies, security conditions, and baseline health system performance.

¢ Due to the inconsistent implementation research methods applied across the identified publications,
statistical analysis of the findings was not possible.

1. Introduction

Polio vaccines: The World Health Assembly committed to the goal of polio eradication in 1988.14 since
then, the number of polio cases has decreased by 99.9%.2l Wild poliovirus types 2 and 3 (WPV2 and
WPV3) have been eradicated2! due to the Global Polio Eradication Initiative (GPEI), which has delivered

polio vaccines to over 2.5 billion children since 1990.[4 However, many countries, including Nigeria,
Somalia, and the Democratic Republic of Congo (DRC) are still affected by type 1 and type 2 circulating
vaccine-derived poliovirus (cVDPV)Iél and wild type 1 (WPV1) remains endemic in Afghanistan and
Pakistan.[ol In these countries, the number of paralytic cases!Z as well as the genetic lineagesm of WPV1
have decreased over the past five years. Transmission has become increasingly isolated to austere settings
characterized by political insecurity, poor healthcare infrastructure, vaccine resistance, and difficult-to-
access geographies. Concurrently, there have been recent cases in regions that previously eliminated
polio, including Gaza, 2 Malawi,lm1 and Israel,m1 and evidence of circulating poliovirus in wastewater in
Canada, Great Britain,lﬁl and New York City.fﬁ1

Two main types of poliovirus vaccines, oral and injectable, have been widely used to prevent polio
transmission and disease. Sabin oral poliovirus vaccines (OPVs) have enabled monumental gains in the
eradication of polio and have many benefits, including ease of administration, low cost, and high primary
intestinal mucosal immunity, which prevents viral shedding and further transmission. However, as a live
attenuated vaccine, OPV can lose its genetic attenuations and, on rare occasions, become neurovirulent
and cause vaccine-associated paralytic poliomyelitis (VAPP) in individuals. Vaccine-derived polioviruses
(VDPVs), originating from OPV, are also transmissible and can cause outbreaks of circulating VDPV
(cVDPV) and paralysis.2l In areas with persistently low vaccine coverage rates, cVDPV can result in
sustained person-to-person transmission. In 2016, in response to the risk of cVDPV2 after the
transmission of WPV2 was successfully interrupted, GPEI began a phased OPV withdrawal plan toward
eventual OPV cessation with a switch from trivalent OPV to Type 1/3 bivalent OPV in routine
immunization (RI) programs. Molodecky and Sutter recently co-authored an in-depth review of this “2016
switch”4 According to World Health Organization (WHO) recommendations, use of all OPV in RI
programs will be replaced by inactivated polio vaccine (IPV) following WPV1 eradication. (151161

Over the last few years, there have been significantly more cases of cVDPV than WPV.2I13l To mitigate

cVDPYV, novel OPV (nOPV) types have been designed to be more stable than Sabin OPV. Since 2020, nOPV-2
has been used extensively in the African region with an approximately 80%M7Z reduced risk for cVDPV
compared with OPV. Nonetheless, from January 1, 2024, to December 31, 2024, there were 234 confirmed
acute flaccid paralysis cases of cVDPV globally, with ten cases of cVDPV1, 221 cases of cVDPV2, and 3 cases
of cvDPV3.2 During that same period, only 84 WPV1 cases were confirmed, illustrating a 2.8:1 ratio of
vaccine-derived cases for each wild-type case.

IPV is an injectable alternative to OPV that has been used widely in supplementary immunization
activities (SIAs) and in outbreak response to mitigate the risk of wild and vaccine-derived poliovirus
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among children who have previously received opvlisl A recently published article 9 highlights the
challenges and opportunities of IPV with a review of the evidence base and gaps. While IPV is more
difficult to administer, more expensive, and less effective at inducing intestinal mucosal immunity
compared with OPV; it is a valuable immunization tool. IPV produces protective antibodies in the blood

and boosts intestinal mucosal immunity in OPV-vaccinated individuals [1811201211221123] \i/hen sufficient

coverage is achieved, exclusive IPV administration can break the seeding cycle propagated by OPV. All
countries have introduced at least one dose of IPV (IPV1) into their RI schedules, and the WHO
recommends a second dose of IPV (IPVZ).131 WHO guidance indicates that countries should fully transition
to IPV for RI when poliovirus transmission is sufficiently low and regions have achieved high
homogeneous coverage and good sanitation. Despite these recommendations, many countries continue to
lag in the adoption of IPV2 due to affordability and health system capacity{24l A standard (full) 0.5 ml dose
of IPV vaccine costs about 15 times as much as a dose of OPV/251261 Thjs puts a financial strain on already
overburdened health systems and poses a challenge to OPV withdrawal. Additionally, progress toward

achieving high IPV coverage rates has been impeded by global vaccine hesitancy,2Z interruptions to

immunization processes caused by the COVID-19 pandemic,fﬁl and international and regional supply

shortages triggered by the increased global demand for additional doses of 1pv/[291301

Intradermal delivery of fractional IPV: While the standard dose of IPV is delivered to the intramuscular
(IM) compartment, delivery of IPV to the ID space offers several advantages. The dermis and epidermis of
human skin are rich in the diversity and density of antigen-presenting cells. Smaller (fractional)
quantities of many vaccines delivered intradermally can achieve high levels of safety and effectiveness.
Bilp delivery of a fractional, 0.1 ml (20% dose) of IPV (fIPV) has been investigated since 1953.321 studies

in the 1990s established the immunogenicity of fIPV.2l Increased reliance on IPV associated with the
WHO OPV-withdrawal strategy, shortages resulting from IPV supply constraints, and high IPV prices
catalyzed research on the fIPV immune response. Multiple studies have confirmed that seroconversion
rates (defined for IPV response as a >4-fold increase over the expected decline in maternally derived
antibody titers) following the complete, full-dose vaccination series were comparable between ID fIPV and
IM full-dose IPV groups B41351361371138] Ty fIPV doses can achieve significantly higher seroconversion
rates in older infants (nine to 13 months) than a single full dose of 1PV 321401 o single fractional fIPV dose

is as effective in boosting previously OPV-immunized adults as a full dose of 1PVl Additionally, an
analysis of four fIPV immunogenicity studies concluded that two fractional doses are more immunogenic,
achieving higher seroconversion and higher antibody titers, than one full dose.[*l A meta-analysis of ten
studies found that the gap in seroconversion rates between fIPV and full-dose IPV rapidly declines with an
increased number of doses such that three fractional doses of ID fIPV can achieve similar seroconversion
to that induced by three full doses [421 Experts have proposed replacing bivalent OPV with fIPV in
countries moving to an IPV-only schedule, citing fIPV’s safety record 2l While a two-dose fIPV schedule
administered at a younger age (e.g., six and ten weeks) evokes slightly lower seroconversion rates
compared with two full IPV doses, these differences are minimized when two doses of fIPV are
administered later (e.g., 14 and 36 weeks).22] Several studies showed higher seroconversion rates with
later-scheduled fIPV administration when compared with later-scheduled, full-dose, IPV administration.
[351(391[44]

In addition to antigen-sparing benefits, fractional dosing of IPV can provide cost savings to countries. In a
cost analysis of fIPV, researchers found that in RI and campaign settings, costs per child vaccinated with
two doses of fIPV were lower than those with full-dose IPV delivery across all evaluated vial sizes and use
scenarios48l Costs per fully vaccinated child were up to 48% lower in RI settings when fIPV was delivered
with a needle and syringe (NS) compared with full-dose administration.42] Implementation studies in RI
programs will further assess the coverage, costs, and feasibility of needle-free-delivered ID fIPV compared
with NS-delivered IPV/461147]

Advancing ID fIPV policy: Beginning in 2016, WHO began to endorse fractional fIPV as a strategy that is
safe, effective, cost-efficient, and has the ability to stretch constrained vaccine supplies.[@ The WHO
Strategic Advisory Group of Experts (SAGE) began promoting fIPV dose-sparing by encouraging countries
to evaluate the cost-benefits, trade-offs, and programmatic feasibility associated with a two-dose ID fIPV
schedule 42 Citing a deteriorating IPV supply situation and evidence supporting the high efficacy of two-
dose ID fIPV, SAGE strongly recommended that countries start preparing for a two-dose fIPV schedule

within RI and that IPV outbreak response campaigns should only be conducted with ID fIpy 595l 1 2017,

SAGE strengthened this guidance to include a strong recommendation for RI use of fIPV22153] That same

year, the Pan American Health Organization (PAHO) Technical Advisory Group and the Africa Regional
Immunization Technical Advisory Group (RITAG) both recommended the implementation of a two-dose

fIPV schedule in their regions.54l In 2018, SAGE reviewed the available data on fIPV and emphasized that
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two doses of ID fIPV are superior to one full IPV dose.38l In 201929 and again in 20207, despite
improved IPV supply, SAGE maintained existing fIPV recommendations enabling all countries to adopt a
two-dose IPV schedule using either IM full-dose or ID fIPV. UNICEF and WHO published guidance
indicating that countries can also achieve high levels of immunity against poliovirus types 1, 2, and 3 by
providing two ID fIPV doses in RI programs.lﬁl In 2021, The Global Vaccine Alliance (GAVI) supported the
use of fIPV-only schedules in countries in polio-free regions with high RI coverage.39l The latest 2022
WHO position paper on polio vaccines indicates that the preferred IPV schedule, with the first dose
administered at a minimum of 14 weeks of age and the second IPV dose given at least four months later,
may be carried out using full-dose IPV or with ID fIPV without loss of immunogenicity.Iél In 2023, SAGE
recommended that, in areas of persistent transmission, an additional IPV (full or fractional dose)
campaign should be conducted alongside OPV to promote individual-level protection and reduce
transmission by enhancing mucosal immunity.I@1 Justifying the off-label nature of these
recommendations, SAGE has emphasized that public health authorities such as SAGE and National
Immunization Technical Advisory Groups (NITAGs) frequently make recommendations that differ from
the labeled use, citing hepatitis A, human papillomavirus, influenza, pneumococcal, and yellow fever
vaccines as examples [20L[61]

ID delivery adoption: Despite this supportive global policy for ID fIPV, very few countries have adopted
this delivery method. To date, only six countries (Bangladesh, Cuba, Ecuador, India, Nepal, and Sri Lanka)
have adopted fIPV for RI. Several countries, such as Nigeria and Pakistan, have evaluated fIPV delivery
with NS in campaigns but have not yet adopted an NS fIPV strategy. One explanation is that fIPV delivery
has traditionally been administered with the Bacillus Calmette—Guérin NS that may not reliably target the
ID layer 62l This approach, known as the Mantoux technique, requires the insertion of a 27-gauge needle,
bevel upwards, and at a shallow angle, nearly parallel to the skin. Injectate is slowly administered to raise a
visible skin bleb.[3l precise placement of the needle-tip in the outermost layer of the dermis is essential to
ensure a correct immunological response and to prevent vaccine fluid leakage. Mantoux delivery,
introduced by Charles Mantoux over 111 years ago, is technically difficult and requires extensive training
to ensure high-fidelity dose and depth.[®4l The Mantoux technique is known for poor consistency and
vaccine wastage due to the large dead space in the syringel®2l and the requirement to purge air from the

needle.68 painful injections are common, adverse event rates are unacceptably high, and refusals
resulting in non-vaccination during fIPV campaigns using Mantoux have been attributed to needle

injection fearl®Zl and hesitancy.lﬁl The feasibility of delivering ID injections with needles on a large scale
is a persistent concern due to the lack of vaccinators trained in the ID technique 2l In one campaign
study, when vaccinators received a full day of training on Mantoux, nine percent reported the training was
inadequate to prepare them for fIPV delivery with a needleffZl In the same study, bleb formation,
indicative of proper Mantoux technique, was absent in 20% of the fIPV injections delivered at outreach
stations [¢7] Difficulties with outreach and house-to-house administration of fIPV with needles have been
identified due to the need for sharps waste management and vaccinator inexperience with the Mantoux
technique.ff’—m@l The Mantoux technique for fIPV administration also shares the disadvantages of NS use,
including the risk of needlestick injuries and needle reuse. As a result, some researchers consider ID

delivery with needles unsuitable for outbreak response campaigns.@l

Recently, liquid ID vaccination has been simplified by the development of several novel ID delivery
technologies, including needle-free injectors, microneedles, and needle adaptersm}. These devices, unlike
microarray patches, have the advantage of compatibility with established vaccine vial presentations
without the need for reformulation. To the best of our knowledge, these delivery systems have never been
reviewed with an exclusive focus on fIPV implementation. This review is intended as a reference for polio
immunization policy and procurement decision-makers evaluating their options for efficient, safe, and
effective ID fIPV delivery as well as an information source for practitioners looking for the latest evidence
to guide their decision-making and work practices.

2. Methods (Figure 1)

For this narrative review, we searched PubMed to identify literature in any language, published between
January 2015 and July 2024, with the terms “inactivated polio vaccine” and “intradermal delivery.” Reference
lists were used for additional publications. We selected studies that included human-use implementation
research on alternative ID delivery technologies for fIPV delivery alone or compared with NS delivery
(either IM or ID). Studies that included assessment of uptake, reach, feasibility, cost-effectiveness,
sustainability, acceptability, equity, coverage, access, and compliance of ID delivery interventions were
included. Studies that focused on health effects (e.g., safety and efficacy) without any implementation
research were excluded. Animal studies were excluded. Additional relevant publications suggested by
polio immunization experts that met the inclusion and exclusion criteria were also included. For this
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review, we evaluated the most reported and relevant implementation factors, including child’s distress
associated with injection; acceptability (preference) with vaccinators; acceptability (preference) with
caregivers; immunization coverage; training requirements and adequacy; vaccine wastage; ergonomics;
acceptability among adult recipients; and feasibility.

Literature Search Inclusion Criteria

AND “Intradermal Delivery” 1.  Human implementation studies

‘ 59 2. Novel fIPVID delivery vs. IM
studies 3. Novel fIPVID delivery vs ID

“Inactivated Polio Vaccine” ]

+ PubMed
+ Reference lists Jan 2015 - July 2024

* Recommended pubs

Exclusion Criteria

Non-original studies
Pre-clinical studies
Safety and efficacy research
only, without implementation
research

W

14 studies

- Key Implementation Factors Analysis \

Child’s Distress  Vaccinators Caregivers' Immunization Training & Vaccine Adult Ergonomics
Preference Preference Coverage Adequacy Wastage  Acceptability & Feasibility

Figure 1. Depiction of methods used for this narrative review.

3. Results

Of the 59 publications identified in the search, 14 met the criteria as original research on human subjects
using alternative delivery methods for the administration of commercial fIPV vaccines. Four studies
reported only clinical and safety data and offered no implementation research findings and therefore were
excluded from further evaluation. The remainder of these studies are summarized in Table 1. Five of the
evaluated publications described randomized controlled studies (RCTs) with primary endpoints of safety
and efficacy. For these, implementation research findings were secondary. Three of these RCTs evaluated
alternative ID delivery interventions in a campaign setting with children four months to five years of age.
One publication evaluated interventions in an RI setting with children six weeks to five years of age. One
evaluated ID interventions with Human Immunodeficiency Virus (HIV)-infected adults. Five studies were
pragmatic evaluations of pilot or actual campaign implementation, with one of these involving house-to-
house fIPV administration.
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Table 1. Summary of the publications reviewed

Implementation categories that were addressed in these studies include:

1. Time to vaccinate (five studies)
2. Child’s distress associated with

ies)

ection (five studi

inj

3. Acceptability (preference) with vaccinators (four studies)
4. Acceptability (preference) with caregivers (four studies)
5. Acceptability among adult recipients (one study)

6. Immunization coverage (four studies)

7. Training requirements and adequacy (six studies)

8. Vaccine wastage (three studies)
9. Ergonomics (two studies)
10. Feasibility (one study)

These characteristics are summarized in Table 3. Implementation research ranged from statistically
relevant to quasi-scientific study designs, and the qualitative and quantitative methods of data generation
varied widely to include surveys, government records, focus group discussions, interviews, and

observations. A summary of the evaluated publications can be found in Table 1.
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Six unique ID delivery technologies were identified in these studies:

1. Three needle-free injection technologies:
1. Tropis®—ID (Pharmajet)
2.82000% (Bioject)
3.1D Pen® (Bioject)

2. Two ID adapters used with commercial auto-disable NS
1. West ID Adapter (West Pharmaceutical Services)
2. Star ID Adapter (Star Syringe)

3. One microneedle device (MJ600, NanoPass).

Of these, two novel technologies, Tropis and MJ600, are commercially available with approvals or
registrations with one or more stringent regulatory authorities. Tropis has received WHO prequalification.

[721 A summary of the technologies can be found in Table 2.
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Table 2. Summary of the evaluated devices
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vaccinate for the Bioject needle-free devices and the NanoPass MJ600 device was not evaluated in any
publications. Tropis needle-free delivery enabled faster administration than delivery with the West and
Star ID adapters (IDAs). Citing RCT data, Bashoran (2022) found 54.6% of injections administered by
Tropis were completed in under one minute compared with 32.7% by BCG NS and 33.6% by the West IDA.
[z01 Daly (2020) compared the median time taken to administer the vaccine recorded three times per
vaccinator and found administration times with Tropis were 51.0 seconds for fIPV and 39.0 seconds for IM
IPV with NS Two studies found that administration time for Tropis varied inversely with experience:
In one study, the median jet injection time decreased from 57.2 seconds at the first visit to 43.2 seconds at
the second visit{Z] In another study, the average Tropis application improved with experience, ranging
from an average of 68 seconds for the first child to 38 seconds for the 30th child.4! RCT administration
times with NS methods of ID delivery were found to be substantially longer by Saleem (2017): The average
times were 102 seconds for the Star IDA, 112 seconds for BCG NS, and 152 seconds for the West IDA.
[75] These results are consistent with those found in the Ahmad (2022) RCT publication, which noted the
average administration time was slightly more with the West IDA (104 seconds) compared to BCG NS (93
seconds).[78l The speed of use was cited as a reason for favoring Tropis needle-free delivery by 51.0% of
those who favored needle-free over IM NS in the Daly (2020) study.Zl

Child’s distress associated with injection: Distress before, during, and after a vaccination session can lead to
negative feelings about vaccination, needle phobia, and hesitancy.fﬂl Distress can affect the likelihood of
a child returning to the clinic for subsequent injections.”8 The measurement of distress is very
subjective. In the publications reviewed, children’s distress was defined as reported by the vaccinators and
caregivers and was often associated with the frequency of crying. Bashoran (2022) found that 83.0% of
children injected with Tropis did not cry compared with those injected with BCG NS (46.6%) and the West
IDA (44.9%).[E1 Less discomfort/crying from the child was cited as a reason for favoring needle-free by
51.6% of vaccinators who favored needle-free in a campaign using Tropis.[Zl In Somalia, Nouh (2024)
noted that 60.8% of caregivers surveyed cited their main motivation for recommending Tropis was that
the children experienced no discomfort or pain during injection.ml Yousafzai (2017) reported that all
vaccinators claimed crying among children was less common with needle-free compared to their
experience with NS.Z In the evaluation of IDAs, Saleem (2017) noted that vaccinators reported crying
among children was less common with the Star IDA compared to both the West IDA and BCG NS delivery
methods[72]

Acceptability (preference) with vaccinators: Vaccinator acceptability is an important factor that can impact
novel technology demand and uptake.[@] Acceptability data were commonly collected by asking
vaccinators their preferences through interviews and surveys. Daly (2020) reported that of the health
workers with prior NS delivery experience in campaigns, 97.6% indicated a preference for the needle-free
injectors. Ease of use was cited as a reason for favoring Tropis needle-free by 92.2% of those who favored
needle-free 72l Resik (2015) reported RCT data indicating a strong preference for needle-free delivery,
with the B2000 device as the most-preferred method of fIPV delivery, followed by Tropis and then ID Pen
(least preferred). BCG NS was the least prefer]:ed.m1 Reporting on Tropis use in a house-to-house
campaign setting in Nigeria, Biya (2023) found 93% of health staff members preferred Tropis injections
over the customary NS administration.82l The IDAs were evaluated separately from needle-free
technology; therefore, comparisons between these groups are not possible. Saleem (2017) found 67% of
the vaccinators preferred the West IDA over the Star IDA and NS delivery methods. The Star IDA was the
least preferred due to the cumbersome filling process and vaccine wastage. Vaccinator acceptability of the
MJ600 was not evaluated .31

Acceptability (preference) among adult recipients: In the one publication that reported on adult fIPV

administration, HIV-infected adults from the RCT reported ID administration with the NanoPass MJ600
microneedle device was preferred over IM NS by most subjects. The needle-free devices and IDAs were not

evaluated for fIPV delivery to adults [82]

Acceptability (preference) with caregivers: Like a child’s distress, caregiver acceptability is linked with the
likelihood of a child returning to the clinic for subsequent injections.lﬂ“El Caregiver preferences were
commonly assessed directly through interviews and surveys and indirectly through vaccinator
perceptions. Daly (2020) noted that a positive caregiver response was a reason cited by 67.0% of

vaccinators for their preference for Tropis needle-free over IM delivery with NS.Zl Bullo (2021)
demonstrated that more children, 1.8%, were not vaccinated due to fear of injection in areas using full-
dose IPV as compared with only 0.7% in areas where ID fIPV was administered with Tropis needle-free.

[841 Nouh (2024) noted that all 250 caregivers surveyed (100%) in areas where Tropis was deployed
recommended the use of needle-free fIPV in the future.’21 Biya (2023) found 94% of caregivers preferred
Tropis needle-free injections over the customary NS administration 821
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Immunization coverage: There has been a growing interest in the potential of fIPV to enhance population
immunity and campaign coverage, especially in the polio-endemic countries, Afghanistan and Pakistan.
[85] 11 the reviewed publications, multiple methods were used to report on the coverage impact of fIPV
delivery using Tropis needle-free administration. Daly (2020) compared administrative coverage across
the same four towns of Karachi, Pakistan, between a 2019 SIA when Tropis was used for ID fIPV delivery
and a 2018 SIA that used full-dose IPV administered with NS. In the 2019 campaign, f{IPV was administered
with Tropis in four towns and full IPV with NS was administered in six towns. In the areas where Tropis
was used, an 18.4% higher mean coverage was achieved as compared with the previous year’s SIA, which

administered full-dose 1PV with NS.3! Bullo (2021), citing cluster survey data from rapid convenience
assessments, reported higher vaccination coverage in Tropis fIPV areas (85.3%) compared to areas where
full-dose IPV was administered with NS (79.5%).[84l Reporting on a house-to-house vaccination campaign
in Sokoto, Nigeria, and citing data from a modified cluster survey, Biya (2023) noted that administration in
a house-to-house campaign with the Tropis needle-free injector device achieved high coverage (87%)
within the target age group.[82l In Somalia, campaigns using Tropis achieved 96% coverage in each of two
immunization rounds.Z21 Coverage was not reported for the Bioject needle-free devices, the IDAs, or the
NanoPass microneedle device.

Training requirements and adequacy: Adequate training is critical to the competency of vaccinators and to
the quality of healthcare and immunizations.[8l Several reviewed publications reported on the injection
experience of the vaccinators prior to training and on the training activities conducted but did not provide
any assessment of training adequacy. Bashoran (2022), for example, reported that public health officers
with NS ID immunization experience and nurses without experience received two hours of training on
Tropis and the West IDA before the campaignZ% In all reviewed cases, assessments of training adequacy
were based on perceptions rather than on professional standards. Daly (2020) provided the most thorough
description of training and assessment in describing a cascade training program for the Tropis device
during which master trainers attended a two-day training session consisting of needle-free injection
demonstrations and the opportunity to practice with the Tropis devices. One-day training consisting of a
demonstration/training video in the local language and a test injection practice session was cascaded to
field staff prior to campaign implementation. During the subsequent survey, vaccinators were asked
whether sufficient time was allotted for training components, the number of test injections administered,
whether they reviewed the training video before or during the campaign, trainer preparedness, and
whether they felt the training sufficiently prepared them to use the jet injectors in a campaign setting.
Ninety-four percent of vaccinators reported being satisfied with the training they received. Seventy-four
percent of vaccinators who received the training video reviewed it either before or during the campaign,
highlighting its utility as a training resource. Of the 6.4% who felt the training was insufficient, the most
common reason given by 38.4% was the need for more practice injections.[2! Yousafzai (2017) reported
that training on Tropis needle-free injector use could be completed in several hours with vaccinators who
do not have any formal health background or prior training in injection administration.4l For the
campaign in Somalia, Nouh (2024) reported that a half-day training on Tropis needle-free technique
followed by cascade training was adequate and played an important role in the success of the pilot. After
they were trained, most healthcare workers recognized Tropis was very user-friendly and could be used to
vaccinate more children in a short time with minimal refusals.Z2 For IDAs studied in Pakistan,
community health workers received one day of training on each device 3 Some authors did not provide
additional detail on training, and thus the training requirements for the MJ600 Microneedle and Bioject
devices are not described here [811182]

Vaccine wastage: Vaccine wastage increases the total cost of immunization.2 Methods of vaccine wastage
measurement were not consistent among the publications. Thus, cross-publication comparisons are not
possible. In their evaluation of the IDA, Saleem (2017) calculated wastage as the difference between the
number of doses administered and the total number of doses available (represented by used vials) divided
by the total number of doses available. The authors found vaccine wastage was highest for the Star IDA
(37%) compared with 10% for the West IDA and 6% for the BCG NSl Bashoran (2022) reported a mean
of 63 fIPV doses were obtained from each 10-dose vial using Tropis needle-free compared with a mean of
50 using the NS, indicating that the very low dead space in needle-free syringes enables up to a 26%

increase in usable vaccine.”Z% Other authors found no wastage with the Tropis technology.74 Wastage for

the MJ600 Microneedle and Bioject devices is not described in the reviewed publications,@]lgl

Ergonomics: Information about novel technology ergonomics may be useful for decision-makers when
choosing ID injection devices to protect their workers from overuse-related injuries.@l Resik (2015)
evaluated health worker ergonomic preferences for three needle-free injectors to assess their suitability
for programmatic use. Seven key ergonomic features were scored for each injector, including size,
intuitive functionality, no pain, ease of filling, ease of managing air bubbles, ease of resetting, and noise
level. All devices were scored high (mean score >80% as a percentage of maximum potential score) by
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healthcare workers on intuitive functionality, no pain, ease of filling, ease of managing air bubbles, and
ease of resetting. The ID Pen scored lowest (mean score 64%) on size, and the B2000 scored lowest (mean
score 69%) on perceived noise level 81l In a campaign setting, 100% of vaccinators found that filling the
Tropis needle-free syringe with the correct dosage, identifying and correcting air bubbles, and
administering an injection was easy, while slightly fewer (90.9%) reported removing air bubbles was easy.
None of the vaccinators reported significant ergonomic issues.[74

4. Discussion

Novel ID delivery technologies present an alternative to the challenges of Mantoux ID delivery with NS.
Benefits of individual technologies include high acceptance with both healthcare workers and caregivers,
improved coverage rates, and cost savings. Two ID delivery technologies (NanoPass and Tropis) are
commercially available, and one has achieved WHO prequalification. Among the technologies reviewed,
the evidence base for the needle-free technology, Tropis, is the most developed, it is the only technology
for which the reviewed literature assessed coverage and caregiver acceptability, and it is the only device in
this review that has achieved WHO prequalification and WHO endorsement within polio eradication
strategy.421(851

There are several limitations to our review. The greatest hindrance to our assessment of the novel ID
delivery technologies was the lack of standardized methodology across all the characteristics reviewed.
For example, five publications evaluated the time to vaccinate, each using unique methods. This made it
challenging to compare novel technologies that were not assessed within the same study. Furthermore,
none of the reviewed studies accounted for the time it took to calm a child prior to injection, which may be
the most time-consuming factor during immunization. Similarly, assessments of distress and
acceptability, which rely on subjective interpretations, were not consistent across the reviewed
publications. Another constraint is that no single characteristic was evaluated for all devices. In fact,
several characteristics were assessed for only a few, or just a single, device. Wastage was assessed only for
the IDAs and Tropis. Caregiver acceptability and coverage were assessed only for Tropis. Two needle-free
devices, the B2000 and the ID Pen, were evaluated only for vaccinator preference. The microneedle device,
MJ600, was evaluated only for acceptability with adult recipients. Table 3 shows that the only WHO-
prequalified device, Tropis, was the most thoroughly evaluated device, with data across seven of the eight
characteristics. While this review revealed many gaps in the available data and the difficulties in
comparing data between studies, it is also reassuring to see that the only commercial technology with
WHO prequalification, Tropis, was also the most thoroughly reviewed, as evidenced by seven separate
studies (Table 3).

Training requirements and adequacy were assessed only for Tropis and both IDAs. Nonetheless, there are
some clear observations that can be derived from the six studies that included training. The training
programs varied widely, even for a single technology. For example, Tropis vaccinator training programs
ranged from two hours to a full day. One publication correlated experience using the novel technology
with time to vaccinate, and another highlighted a dissatisfied vaccinator's desire for more practice
injections. These observations highlight the need for more standardized training programs, the
importance of supervised practice sessions, and competency standards when novel technologies for
immunization are introduced.

Implications for polio eradication: To eradicate polio, WHO has committed to ensuring all children are
fully vaccinated against polio. To achieve this, every country should seek to achieve and maintain high
levels of polio vaccine coverage.l3l While countries continue to navigate a combined OPV/IPV solution,
policy and implementation should leverage the strengths of each individual vaccine and minimize each
vaccine’s shortcomings. OPV induces mucosal immunity, but even improved “novel” OPV versions
continue to seed live, mutated, or recombined viruses into communities, resulting in new endemic and
epidemic transmission. Immunization with IPV eliminates the risk of seeding new transmission and is
known to boost mucosal immunity in children previously immunized with OPV. However, IPV alone has a
limited ability to induce intestinal mucosal immunity, is more expensive than OPV, and has historically
been associated with all the challenges of NS delivery: needle reuse, needlestick injuries, sharps waste
management, and incompatibility with house-to-house campaigns. High vaccination coverage is critical
to transitioning to an IPV-only schedule in polio-free regions with strong sanitation and a very low risk of
irnportation.Iil

Recently, SAGE recommended that IPV campaigns be considered to improve vaccination coverage in
consequential geographies, including Northern Nigeria, eastern Democratic Republic of the Congo (DRC),

Somalia, Pakistan, and Yemen.[69] Evidence reviewed in this paper suggests high coverage is possible
using a dose-sparing fIPV strategy with one of the alternative ID delivery tools. Needle-free ID delivery of

fIPV, using WHO-prequalified Tropis, has been shown to increase coverage,[7—3]-[7—9uﬁl to decrease total
immunization costs,51451 and to be highly acceptable to healthcare workers,ZI73181[82] caregivers, (731
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[791821[84] and childrenZZ74I75] wwhile eliminating sharps hazards. Targeted use of needle-free ID
delivery of fIPV in consequential geographies for supplemental IPV house-to-house immunization
outreach has the potential to achieve greater geographic reach, higher coverage, and lower costs compared
to full-dose delivery with NS. Middle-income countries and those transitioning from Gavi support may
consider needle-free delivery of fIPV, for both RI and campaigns, as a cost-saving strategy that can shift
the vaccination paradigm from persistent NS hesitancy to increased immunization coverage.

Total immunization cost is a critical dimension for decision-makers in countries navigating their IPV
delivery options. Unfortunately, comparative costs were not included in any of the publications reviewed.
fIPV enables the vaccination of more children with less vaccine, and dose-sparing inherently reduces the
contributed cost of the vaccine dose by 80%, not accounting for differences in vaccine wastage. Studies
have reported 0% vaccine loss and 26% more doses obtained from each ten-dose vial administered with
needle-free Tropis as compared to NS methods 701741 Though the incremental cost of a needle-free
syringe may be higher than that of a standard auto-disable syringe, this cost is offset by the reduced dose
required for ID delivery.@ Even when the incremental cost of novel ID delivery technologies like Tropis is
considered, ID delivery of fIPV can reduce costs per vaccinated child compared with full-dose IPV. In RI
setting models, vaccinating a child with two doses of fIPV intradermally can cost 15-48% less than
vaccinating a child with a standard full-dose delivery.42]

Analysis of the Only WHO-Prequalified Needle-Free ID Delivery Technology: As the only
commercialized, WHO-prequalified ID technology evaluated, Tropis is commercially available and has
been used in the administration of over ten million immunizations supporting GPEI campaigns. Unlike
high-profile microarray patches, Tropis has the advantage of compatibility with established vaccine vial
presentations without the need for reformulation. In reference to endemic country use, WHO has noted
that the use of fIPV is well-supported in specific areas where the deployment of jet injectors can improve
vaccine demand, increase the number of registered children, and enhance overall coverage with both OPV

and IpV/82l

Through implementation research of Tropis, scientists have studied and reported results on critical
factors that influence feasibility, scalability, and sustainability. Tropis is highly effective at triggering the
immune response compared with NS4 In the seven publications which included implementation
research on Tropis, the needle-free innovation has been shown to be highly acceptable to health workers
and caregivers; require minimum training; decrease child discomfort; decrease wastage; and improve
coverage. Use of Tropis has been shown to be successful in vaccinating a high proportion of the target
population in house-to-house campaigns, and Tropis has been tested in a randomized controlled trial of
RI in 22 facilities in Oyo and Kano states in Nigeria.@l@l One published model8l and unpublished
datal®Zl confirm cost savings with Tropis. Given these findings and the existence of a WHO-endorsed

technology,fﬂu&1 needle-free ID fIPV delivery represents a viable option for consideration by country
immunization programs to increase equitable vaccine access and decrease total immunization costs.
Tropis needle-free has also been used in preclinical and clinical studies for a wide range of both vaccines
and treatments, including rabies[82l and immuno-oncology 2019111921

Intradermal Delivery Beyond IPV: The COVID-19 pandemic highlighted the need for innovation in
vaccine delivery and created an opportunity for a parenteral-delivery paradigm shift. Many vaccine and

therapeutic development programs now include needle-free ID delivery using needle-free Tl.'opis.@l[%1

951 Successful development programs at Zydus Pharmaceuticals and Gennova Biopharmaceuticals Ltd.
have resulted in emergency use authorization and commercialization of the novel, thermostable nucleic
acid (NA) vaccines, ZyCoV—D®%, the first approved DNA vaccine for humans, and GEMCOVAC® -0M, a
lyophilized, self-amplifying mRNA vaccine.[2Zl PharmaJet’s Tropis was selected as the exclusive delivery
system for the first commercially available plasmid DNA human vaccine product (ZyCoV-D) after
preclinical and Phase 1 trials showed high levels of immunogenicity with Tropis delivery compared with
the NS method 22! Building on this momentum toward ID delivery, Tropis, NanoPass, and other near-
commercial-stage novel ID methods should be considered for new vaccine development and clinically
evaluated for dose-sparing of supply-constrained vaccines for eradication efforts and during public health
emergencies of international concern, such as the mpox outbreak in 2024.1281 Novel ID delivery methods
should be evaluated and implemented with vaccines that have been validated for ID delivery, such as post-

exposure rabies vaccinel® and mpox.[ml

Conclusion: This manuscript provides a narrative review and industry perspective, and readers should
interpret its comparative observations in that context. ID delivery of vaccines, including fIPV, is possible
using novel, commercially available, non-NS solutions. fIPV has benefits inherent to the ID compartment,
such as dose-sparing and cost savings. There are additional benefits that are unique to commercialized
delivery methods, such as improved acceptability and coverage. This review demonstrates that several
alternative ID delivery technologies compared favorably against NS delivery. Of the technologies reviewed
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in this article, two, NanoPass MJ600 and PharmaJet Tropis, are commercially available. The existence of a
WHO-prequalified technology demonstrates the maturity of this delivery approach for potential large-
scale implementation.

As coverage, acceptability, and cost-savings are highly sought characteristics, novel ID delivery methods
should be evaluated and implemented with other vaccines that have been validated for ID delivery, such as
post-exposure rabies vaccine and mpox. Donors and pharmaceutical companies should consider
integrating novel ID delivery into early-stage pipeline development projects. Priority should be given to
evaluating novel ID delivery of pandemic vaccines and vaccines used for eradication programs where the
benefits of dose-sparing, ease of implementation in house-to-house campaigns, and high coverage would
be valuable.
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