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ABSTRACT

Intradermal (ID) vaccination induces a more potent immune response and requires lower vaccine doses as
compared with standard vaccination routes. To deliver ID vaccines effectively and consistently, an ID delivery
device has been developed and is commercially available for adults. The clinical application of ID vaccines for
infants and children is much anticipated because children receive several vaccines, on multiple occasions,
during infancy and childhood. However, experience with ID vaccines is limited and present evidence is
sparse and inconsistent. ID delivery devices are not currently available for infants and children, but recent
studies have examined skin thickness in this population and reported that it did not differ in proportion to
body size in infants, children, and adults. These results are helpful in developing new ID devices and for

preparing new vaccines in infants and children.

Introduction

The skin is very important as a barrier against the external
environment and contains plentiful immune cells, including
Langerhans cells and dermal dendritic cells in the epidermis
and dermis, respectively. These cells have crucial roles in pre-
senting antigens and inducing immune responses.' Recent
research in skin immunology has established the concept of a
dermal immune system,” and studies indicate that antigen
delivery into the epidermis and dermis better stimulates these
cells.’ Thus, intradermal (ID) vaccination is a promising
method for eliciting a potent immune response. Dose sparing
refers to achieving an equivalent immune response with a dose
lower than that used in intramuscular (IM) and subcutaneous
(SC) vaccines.* The advantages of ID vaccination may contrib-
ute to cost saving, vaccine volume reduction, easier access to
vaccines in areas with limited resources, and better supply dur-
ing epidemics of emerging or re-emerging infectious diseases.*”

Some vaccine-preventable diseases (VPDs) remain a signifi-
cant concern, particularly in developing countries.® The World
Health Organization (WHO) estimates that, in 2008, there
were 1.5 million deaths attributable to VPDs among children
younger than 5 years, which corresponds to 17% of worldwide
mortality for this population.” ID vaccination could increase
opportunities to protect vulnerable infants and children from
VPDs, especially those in developing countries and during
epidemics such as the 2009 A/H1IN1 influenza virus pandemic.

The idea of ID vaccination was first proposed long ago. In
1796, Edward Jenner inoculated cowpox virus into the skin as a
vaccine for smallpox,® and this vaccine prototype was the basis
for vaccines developed later. ID administration is now the stan-
dard technique for tuberculin skin testing, which is performed
by means of the Mantoux technique and requires skill to create
a wheal indicating successful injection.® Because of advances in
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skin immunology and the advantages of ID vaccination
(discussed above), novel devices for antigen delivery into the
skin have been developed,” and accumulating evidence
indicates that ID vaccination is effective for both adults and
children.” However, existing devices were developed by using
data on adult skin thickness,' and the use of such data could
result in suboptimal immune response in children if the needle
is too long or too short to reach the SC layer of infants and chil-
dren. To assist in the development of effective ID vaccinations,
recent studies have measured skin thickness in specific pediat-
ric populations.'"'? These data could improve ID devices and
lead to clinical trials of the efficacy and safety of an ID device
specifically intended for infants and children. This article will
review current findings regarding ID vaccines and offer a per-
spective on future development of ID vaccines, particularly
those targeting infants and children.

ID vaccination in infants and children

The immunogenicity and efficacy of ID vaccination have been
well documented in adults. The dose-sparing effect of ID vac-
cines® has been confirmed for various vaccines, including those
for trivalent inactivated influenza virus,'*'? inactivated poliovi-
rus,>?! rabies,”>*® yellow fever,”’” and modified vaccinia
Ankara.”® In contrast, far fewer studies have evaluated ID vacci-
nation in infants and children than in adults, even though
infants and children require more vaccines to ensure protection
against VPDs, and need a greater number of vaccines that
require multiple dosing. Existing data indicate that ID vaccina-
tion is advantageous for infants and children; however, the
results of studies have been inconsistent. The advantage of ID
vaccination in immunogenicity varies by vaccines, which could
limit the dose-sparing effect. Differences between study
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populations might result in variability in immune response.
Thus, the optimal dose of an ID vaccine may differ in relation
to the vaccine used and study population.” Furthermore, the
quality of ID vaccination performance should be confirmed
when assessing the efficacy of ID vaccination in infants and
children. Table 1 summarizes the findings of studies comparing
ID vaccination of infants and children with vaccines delivered
by conventional routes.

Efficacy and safety of ID vaccines in infants
and children

Inactivated split influenza vaccine

For adults, an ID trivalent influenza vaccine (Intanza®/
Fluzone® Intradermal, Sanofi Pasteur, Lyon, France)'*'® is cur-
rently approved and commercially available in over 40 coun-
tries, including the United States, Canada, Australia, Korea,
and a number of European countries.'” In Europe, Intanza®
9 pg was approved in 2009 for seasonal influenza in adults
aged 18-59 y."* Intanza® 15 g is another product licensed for
adults older than 60 years, because of its superior immunoge-
nicity as compared with the same standard dosage delivered by
IM administration.”” In the United States, Fluzone® Intrader-
mal was introduced during the 2011/2012 influenza season for
adults aged 18-64 y.*° As marketed ID influenza vaccination,
the Soluvia® microneedle delivery device (Becton Dickinson,
Le Pont de Claix, France) is used in combination because it
makes ID vaccination technique easier and safer.">”' The
length (1.5 mm) of the needle for this device was determined
on the basis of data on adult skin thickness, which is approxi-
mately 2 mm.'® An ID influenza vaccine was effective in an
elderly population®® and for immunocompromised patients.*
Furthermore, an ID quadrivalent inactivated influenza vaccine
was found to be noninferior to an ID trivalent inactivated
influenza vaccine.*

For children, overall, ID vaccination was favorable to IM>*3¢
or SC” injection with respect to immunogenicity and/or dose
sparing, although subject age and antigen dose differed among
the studies. Two studies showed comparable efficacy for ID vac-
cination, with a dose reduction of 80%>* or 60%.”> The extent of
dose sparing was diminished in the study of infants,’> most likely
because of a weaker increase in hemagglutination-inhibition anti-
body in this young population.”® Regarding the method of ID
vaccination, the latest study used a microinjection system
(Soluvia®) and Intanza® (9 ng and 15 p,g)36 and found that ID
influenza vaccines already licensed for adults were also effica-
cious in children aged 3-11 y. Further evaluation, especially for
children younger than 3 years, is warranted because the efficacy
of influenza vaccines is limited in this specific population.

Poliovirus vaccine

In September 2015, type 2 wild poliovirus was declared eradi-
cated by the Global Commission for the Certification of Polio-
myelitis Eradication.’® Furthermore, no cases of type 3 wild
poliovirus have been reported since a 2012 case in Nigeria,
although type 1 wild poliovirus is still circulating in Pakistan
and Afghanistan.”® Replacement of oral poliovirus vaccine

(OPV) with IPV seems to be essential for global eradication of
polio,”" because OPV has the potential to regain pathogenicity
and cause vaccine-derived poliovirus paralysis.*” Indeed, the
globally synchronized withdrawal of type 2 OPV in April 2016
was reaffirmed by the WHO Strategic Advisory Group of
Experts on Immunization.” However, developing countries
have considerable economic burdens; IPV requires syringes
and needles for injection and costs approximately 20 times as
much per dose as OPV.*! In 2007, the Advisory Committee on
Poliomyelitis Eradication proposed a strategy to make IPV use
potentially affordable for developing countries,** and the dose-
sparing effect of ID vaccination may help reduce the burdens
on these countries.

The first studies of ID poliovirus vaccination began in the
1950s in the United States, Denmark, Iceland, and Italy,”' and
the first published report was by Salk, who invented IPV.***
Since 2010, a number of randomized controlled trials have
been performed (Table 1). Jet injectors are needle-free devices
that use a gas propulsion system to deliver vaccine by an ID,
IM, or SC route.”' Needle-free devices, which were used in five
(71%) of these seven studies, may reduce costs when switching
from OPV to IPV in resource-limited areas.*” Some reports
showed similar seroconversion rates but lower antibody titers
after ID delivery, as compared with IM injection;*"*® other
studies showed that a one-fifth dose ID vaccination was inferior
to a full-dose IM vaccination.*”*® One study reported that a
fractional ID dose of IPV was useful in inducing priming and
seroconversion in more than 90% of immunized infants,
although seroconversion rates after dose-sparing ID vaccina-
tion were lower than those for standard IM vaccination.”

IPV can be affected by maternally delivered antibodies and
results in suboptimal immune response if administered with a
needle-free jet injector during early infancy.”’ In contrast, the
same primary-series vaccination, except when delivered by the
Mantoux technique, was noninferior to the IM route.*® In a dis-
cussion of the inconsistencies in the results of these studies, the
authors of the latter study suggested that the discrepancy may
be attributable to differences in the criteria used to define non-
inferiority (>4 -fold increase in titers vs. antibody titers >8)
and serological assays (Sabin strains vs. Salk strains, which are
antigenically different™).

The immune response induced varies in relation to the type
of needle-free jet injector used.*” The components of the nee-
dle-free jet injector differed between the studies conducted in
Oman®*!' and India,*® which might explain the inconsistent con-
clusions. In fact, inadequate injection—defined as a wheal
<3 mm or a small drop of vaccine on the skin—was in part
responsible for a weaker immune response.*® Device selection
is likely to be critical for successful ID injection. Because the
findings regarding the ID route for IPV have not been consis-
tently favorable with respect to immunogenicity, as compared
with IM vaccination, further studies are warranted.

Rabies vaccine

Children are at high risk for dog bites and rabies.” The efficacy
of ID administration of rabies vaccine is well established,”* >
and a WHO position paper calls for ID administration of rabies
vaccine for pre- and post-exposure prophylaxis.”* Indeed, ID
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vaccination has been widely used in developing countries because
of its dose-sparing advantage.® ID vaccination is immunogenic in
children,””® although antibody titers after ID administration
were lower than those after IM administration.®*®!

Hepatitis B virus vaccine

The evidence is favorable from studies of dose-sparing ID vacci-
nation with hepatitis B virus (HBV) vaccine,”>® although a
meta-analysis of data from adults showed a slight inferiority of
ID vaccination to IM vaccination.** The findings of randomized
studies of infants and children were inconsistent. A study using
plasma-derived HBV vaccine at birth, 2 months, and 4 months
reported that ID vaccination was inferior to IM vaccination.”® In
contrast, a study using recombinant HBV vaccine at 0, 1, and
6 months reported comparable rates of seroprotection, although
antibody titers were not significantly lower after ID vaccination
(P > 0.05).°° Comparable seroprotection rates were confirmed
using recombinant HBV vaccine for children with human
immunodeficiency virus infection®” and celiac disease.®

Hepatitis A virus vaccine

Seroprotection rates were similar for reduced-dose ID vaccina-
tion and regular-dose IM vaccination for school-aged children,
although antibody titers were lower after ID vaccination than
after IM vaccination.®

Measles vaccine

Several studies investigated the immunogenicity of ID measles
vaccines in children, all of which were performed before
1994.”° The results were similar or inferior, as compared with
IM or SC vaccines.>”°

Conjugated polysaccharide vaccine

There are no published data on conjugated polysaccharide vac-
cines, such as those against Streptococcus pneumoniae and Hae-
mophilus influenzae type b.>> The potential benefits of ID
administration of these vaccines are considerable, as infants
receive them simultaneously during early infancy and
childhood.

Safety profile

Most relevant studies assessed both the adverse events and
immunogenicity of ID vaccination,*®#!46-49°1.60656669 1 5
reactions such as erythema, swelling, induration, hyperpigmenta-
tion, and pain were more often reported in the ID vaccination
group than in IM and SC vaccination groups, although the local
reactions were mild and resolved spontaneously within a few
days. Systemic reactions such as fever or irritability were uncom-
mon. Because the target injection site for ID vaccination is very
close to the skin surface, local reactions are more apparent.'” All
but one® of these studies described local reactions as tolerable
and acceptable because they were mild and transient and because
ID vaccination had benefits that outweighed the drawbacks.
Indeed, after the licensure of ID vaccination, the majority of
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adult vaccinees were satisfied with the ID influenza vaccine with
dedicated devices because of less preinjection anxiety, quick
administration, and less pain.”'”> However, in general, accept-
ability of ID vaccination needs to be evaluated carefully, because
post-marketing situation might be different from that in pre-
licensure settings and any issues thing that might reduce accep-
tance of vaccines should be taken very seriously.

Potential drawbacks of ID vaccination

As shown in Table 1, several studies reported similar seroconver-
sion rates and lower antibody titers elicited by ID vaccination
compared to IM vaccination,*"****¢%%° Eor poliovirus vaccine,
ID vaccination elicited similar*® or lower® antibody titers as a
booster. As a primary series, all but one™® showed negative data
for ID vaccination; antibody titers were lower,*”" and further-
more less seroconversion rates in 2 studies.*”*® For a program
such as Global Polio Eradication Initiative, providing IPV to all
children is challenging; one modeling suggests that the demand
after eradication of polioviruses could increase from the current
level of 80 million doses to 450 million doses per year and that a
possible transient peak in demand is prominent in low- and
middle-income countries for approximately 5 y following cessa-
tion of OPV.* This increasing demand may lead to the situation
that many children will receive less than the optimal 2-3 doses.*
If children receive only one ID vaccine dose, both seroconversion
rates and antibody titers elicited will be lower than IM vaccina-
tion,” which poses a problem for short- and long-term seropro-
tection, especially in a world where polioviruses are eradicated,
because of lack of natural boosting.

Challenges of ID vaccines in clinical settings

Because vaccines applied for ID vaccination have been so far
limited and it might be impossible for all vaccines to be given
by ID route. Thus there will be programmatic challenges in
having some vaccines given by ID route and some given by IM
route. In this case, it may be confusing for providers given vac-
cines either routes. A prefilled syringe for ID vaccination such
as Soluvia® may help avoid the erroneous vaccine injection. In
case of an erroneous injection of IM vaccine by ID route, local
reactions may be more apparent; however, antibody titers may
increase more, which could be beneficial to protect vaccinees
from VPDs. In case of an erroneous injection of ID vaccine by
IM route, protective antibody titers may not be produced
because of insufficient antigen dose. In summary, more atten-
tion is required after introducing ID vaccines in clinical
settings.

Skin thickness in infants and children

Use of needles of the appropriate length is critical. In adults,
wheal formation, an indicator of successful ID injection, was
confirmed in 99.2% of vaccinations performed using the Micro-
nJet600® device (NanoPass Technologies Ltd, Israel) with a
0.6-mm-long needle, but in only 46% of vaccinations per-
formed using the Soluvia® device with a 1.5-mm-long needle.”®
However, the MicronJet600® resulted in more frequent leakage
of vaccine fluid, indicating injection failure.”® Dedicated devices



2452 (&) A.SAITOH AND Y. AIZAWA

Table 2. Skin thickness in infants and children measured for intradermal vaccination by ultrasonography.

Skin thickness

Authors Country  Year Age of subjects No. of subjects Deltoid Suprascapular Upper back Lumbar Reference
Ploin, etal.  France 2011 4-7,12-18,54-66 months 373" 1.22(1.01-1.41)  1.30(1.08-1.49) 1.39(1.20-1.57)" 1.31(1.15-1.48)" 1
Saitoh, et al.  Japan 2015 2 months 78 1.67 (1.16-2.39) 1.83 (1.24-2.60) N/A N/A 12

6 months 1 1.84(1.52-2.29) 1.79 (1.57-2.14)

13-15 years 82 1.81(1.25-3.00) 2.43 (1.51-3.95)

Skin thickness is shown as mean (range) (mm).

#Study subjects were infants aged 4-7 months (N = 118), children aged 12-18 months (N = 131), and children aged 54-66 months (N = 124). *Skin thickness at the
upper back and lumbar sites was measured only in some children aged 54-66 months (N = 43).

Abbreviations: N/A, not available

for ID injection do not require the Mantoux technique and thus
might lead to stable and reliable performance, even for young
infants, for whom the skin is thin.

Only two published studies assessed skin thickness for the
purpose of ID vaccination of infants and children (Table 2).'"'
Skin thickness corresponds to the combined depth of the epider-
mis and dermis. These two studies measured the same 2 body
sites routinely used for intradermal vaccination: the deltoid and
suprascapular regions. A French study showed relatively
unchanged skin thickness in infants and children aged 4-
66 months (N = 373; mean 1.22 mm, range 1.01-1.41 mm at
the deltoid region)."" In contrast, our study of Japanese infants
and children showed a significant increase in skin thickness
from age 2 months (N = 78; mean 1.67 mm, range 1.16-
2.39 mm at deltoid region) to age 13-15 y (N = 82, mean
1.81 mm, range 1.25-3.00 mm at deltoid region).”” No factor
was consistently associated with skin thickness, including gender,
age, and body mass index.'"'* Another study of skin thickness
in children but not infants showed that skin thickness at the
interscapular region increased over time, from a mean of
1.48 mm at age 2-3 years, to 1.72 mm at age 4-10 years, to
1.97 mm at age 11-13 y.”” Skin thickness seems to increase with
age, although the discrepancy between the French study and our
study is yet to be explained. Interestingly, the difference in skin
thickness between infants and adults was not proportional to
weight or height. Future studies of skin thickness should enroll
larger numbers of participants and investigate children of differ-
ent races and ethnicities. The available data suggest that the 1.5-
mm-long needle, which is currently commercially available for
ID delivery devices for adults, may be too long for infants and
children and may result in SC rather than ID injection. Thus, a
shorter needle, preferably one less than 1.2 mm in length, should
be used with ID injection devices for infants and children, as
indicated by our previous findings for infants and children.'*

Future directions

Recent technical advances in the measurement of skin thickness
in infants and children might partially explain the inconsistent
results for ID vaccination in this population. Previous negative
data for the Mantoux technique and ID delivery devices for
adults should thus be re-evaluated. Additional efforts to pro-
mote the development of ID delivery devices for infants and
children would be beneficial, as such devices could increase the
benefits of ID vaccination and improve new vaccines yet to be
studied in infants and children.

Methods

We searched Medline (1990 through 2015) for publications
included in clinical studies, clinical trial, reviews and systematic
reviews. A literature search in PubMed was performed with the
following search terms: “intradermal” [All Fields] AND (“intra-
muscular” [All Fields] OR “subcutaneous” [All Fields]) AND
(“infants” [All Fields] OR “children” [All Fields]) AND “vac-
cine” [All Fields]. Two reviewers involved in the study search,
which resulted in a total agreement. In addition, relevant
articles identified in textbooks were hand-searched. The eligi-
bility criteria for inclusion in the present analysis were that the
study (1) was a randomized controlled trial, (2) compared the
efficacy of ID vaccines and IM/SC vaccines, and (3) enrolled
healthy infants or children. The exclusion criteria were follows;
the study (1) was not randomized, (2) evaluated the efficacy of
ID vaccines without the comparison to other vaccine routes,
and (3) enrolled infants or children with underlying diseases.

Abbreviations
ID intradermal
VPDs vaccine-preventable diseases

WHO World Health Organization
IM intramuscular

SC subcutaneous

IPV inactivated poliovirus vaccine
OPV  oral poliovirus vaccine

HBV  hepatitis B virus
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