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Background. Direct comparisons of similar doses of a novel influenza virus antigen administered by the intra-
dermal route and the intramuscular route have not been reported.

Methods. A total of 227 healthy adults aged 18–49 years were randomized to receive 2 doses 1 month apart
of a subvirion inactivated influenza A virus subtype H5N1 (rgA/Vietnam/1203/2004) vaccine containing 38.7 μg
of H5N1 hemagglutinin (HA), by the intramuscular route or by the intradermal route using the Mantoux tech-
nique. Clinical and serologic responses were assessed.

Results. Injection site reactions were more frequent in the intradermal group. Immune responses and the
geometric mean titer of serum hemagglutination inhibition and neutralizing antibodies 1 month after receipt of
the first dose were similar and low but were significantly higher after 2 doses of vaccine in both groups.

Conclusions. Intramuscular and intradermal delivery of vaccine were both well tolerated. Immune responses
after 2 doses of this influenza A/H5N1 HA (38.7 μg) were low and not significantly different when given by the
intradermal or intramuscular route. Evaluation of higher dosages, alternative intradermal delivery methods, and
the addition of adjuvants will be needed to enhance the immunogenicity of inactivated influenza A/H5N1 vac-
cines by the intradermal route.

Clinical Trials Registration. NCT00439335.

Annual epidemics and periodic pandemics due to in-
fluenza A virus cause significant morbidity and mor-
tality. The most severe recorded pandemic, the
influenza A virus subtype H1N1 pandemic of 1918–
1919, claimed 50–100 million lives worldwide. Vacci-
nation is the primary method for the prevention and
control of influenza. Since 1997, human infections
caused by H5, H7, H9, and, more recently, 2009
H1N1 influenza A viruses have raised concerns and

fueled efforts to develop safe and immunogenic vac-
cines and vaccine strategies that can provide an ample
supply for the world’s population in a timely fashion.
Influenza A/H5N1 continues to cause outbreaks in
poultry and sporadic infections in humans. Among 15
countries worldwide, >500 cases have been reported
and confirmed, with a case-fatality rate of approxi-
mately 60% [1]. Prior studies demonstrated that 2
doses containing 90 μg of H5 hemagglutinin (HA) of
a subvirion inactivated vaccine delivered intramuscu-
larly were required to elicit immune responses in ap-
proximately 50% of people [2]. Alternative approaches,
including cell culture–derived vaccines, adjuvanted
vaccines, and whole-virus vaccines, continue to be
investigated, with the goal of identifying more-
immunogenic regimens that use lower doses of
antigen to help stretch the vaccine supply [3–12].

Intradermal immunization is a potential dosage-
sparing approach that is being explored for control of

Received 17 October 2011; accepted 3 February 2012; electronically published
13 August 2012.

Presented in part: Vaccine Congress Meeting, 5–7 May 2008, Baltimore, Mary-
land (oral presentation control number 84).

Correspondence: Shital M. Patel, MD, Departments of Medicine and Molecular
Virology and Microbiology, One Baylor Plaza, BCM-MS280, Houston, TX 77030
(shitalp@bcm.edu).

The Journal of Infectious Diseases 2012;206:1069–77
© The Author 2012. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/infdis/jis402

Intradermal and Intramuscular H5N1 Vaccine • JID 2012:206 (1 October) • 1069



seasonal and pandemic influenza [13–21]. Vaccination via the
intradermal route is based on the principle that the skin is
rich in efficient antigen-presenting cells (ie, dendritic cells)
and in blood and lymphatic vessels for circulation of immune
cells. Studies of vaccines for such diseases such as hepatitis
B virus infection and rabies have demonstrated that intrader-
mal delivery using the Mantoux technique can be an effective
alternative route for vaccination that uses smaller amounts of
antigen [22–24]. Although lower doses of vaccine can stimu-
late adequate immune responses, these studies did not directly
compare the same amount of antigen given by the intramus-
cular or intradermal routes.

Intradermal immunization is being considered as a poten-
tial antigen-sparing approach for prevention of influenza
A/H5N1 infections. Our pilot study demonstrated that 3 μg
and 9 μg of a monovalent, inactivated subvirion influenza
A/H5N1 vaccine administered by the intradermal route using
the Mantoux technique was well tolerated but poorly immu-
nogenic as compared to 15-μg and 30-μg formulations given
by the intramuscular route [15]. In studies evaluating seasonal
influenza vaccines that had been published by the time this
trial was started, up to 18 μg of influenza virus antigen admin-
istered by the intradermal route was reported to be well toler-
ated [14, 17]. The goal of this study was to directly compare
the safety, reactogenicity, and immunogenicity of a higher
dosage (38.7 μg HA) of a monovalent, inactivated subvirion
influenza A/H5N1 vaccine administered by the intradermal or
intramuscular route in healthy adults. Selection of the 38.7-μg
dosage was based on the available formulation (approximately
387 μg HA/mL) of the vaccine and a volume limitation of
0.1 mL delivered in a single intradermal injection by the
Mantoux technique.

MATERIALS AND METHODS

Subjects and Study Design
We conducted a single-center, phase I/II, randomized, double-
blinded, placebo-controlled, clinical trial to assess the safety
and immunogenicity of intradermal and intramuscular immu-
nization with a similar dosage (38.7 μg) of an inactivated sub-
virion influenza A/H5N1 vaccine. Study subjects were healthy
men and nonpregnant women aged 18–49 years. Subjects
were excluded if they had received an influenza A/H5N1
vaccine previously; had a contraindication to receiving an in-
fluenza vaccine; had an acute illness and/or a temperature of
>38.0°C within 1 week of vaccination; were immunosup-
pressed; were actively infected with human immunodeficiency
virus, hepatitis B virus, or hepatitis C virus; or had a chronic
medical condition that might interfere with the evaluation of
immune responses (including diseases such as chronic liver
disease, significant renal disease, and diabetes mellitus). Addi-
tional exclusion criteria also included a history of Guillain-

Barré syndrome, alcohol or drug abuse in the prior 5 years, or
a major psychiatric disorder. Subjects were also not allowed to
receive another investigational product or to participate in
another interventional trial while enrolled in this study.

Ethical Approval of the Study Protocol
The study was conducted in accordance with the Declaration
of Helsinki, The Belmont Report ,and Good Clinical Practice
regulations. The study was approved by the Baylor College of
Medicine Institutional Review Board in Houston, Texas, prior
to any subjects being consented. The study is registered on
ClinicalTrials.gov (identifier NCT00439335).

Vaccine
The study product was an inactivated monovalent subvirion
influenza A/H5N1 vaccine (rgA.Vietnam/1203/2004; batch
04-067; lot UD08854 [sanofi pasteur, Swiftwater, PA]) that
was produced using methods similar to those used to manu-
facture Fluzone, a licensed seasonal trivalent influenza vaccine.
The vaccine used in this study was provided in multidose vials
containing 387 μg/mL of influenza A/H5N1 HA (H5/HA), as
determined by single radial immunodiffusion. The placebo
used was sodium chloride 0.9% injection, USP (lot 33-
248-DK).

The intradermal injection was performed using the
Mantoux technique (needle and syringe) by an experienced
vaccinator, and bleb formation was confirmed. The intramus-
cular injection was performed using standard techniques. All
injections were given in the deltoid region.

Study Procedures
After signing the informed consent document, subjects were
screened for eligibility by review of inclusion/exclusion crite-
ria, medical history, medication list, a targeted physical exami-
nation if indicated by medical history, and pregnancy testing
(for females of childbearing potential). Inclusion/exclusion
criteria were reviewed prior to randomization. Urine pregnan-
cy tests were performed on the day of each vaccination for
female subjects, as indicated.

Enrolled subjects were randomized at a ratio of 1:1 to one
of two groups, using the Internet Data Entry System (Advan-
tageEDC, EMMES). Subjects in group 1 received 0.1 mL H5
HA by the intradermal route in one arm and 0.1 mL of saline
placebo by the intramuscular route in the opposite arm. In
group 2, subjects received 0.1 mL H5 HA by the intramuscular
route in one arm and 0.1 mL of saline placebo by the intrader-
mal route in the opposite arm.

After randomization (on day 0), all subjects received the
first dose of study vaccine and placebo, as indicated. The
subject and study staff assessing safety parameters and adverse
events were unaware of the vaccine group assignments. The
study vaccine and placebo were administered by unblinded
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vaccinators. To prevent unblinding of the subject, the syringes
were labeled “left” or “right” and “intramuscular” or “intrader-
mal” to designate the arm and route, respectively. In addition,
the subject was asked to look in the opposite direction
when the product was administered in each arm. Four weeks
after the initial vaccination (on day 28), eligibility was reas-
sessed, and eligible subjects received a second dose of study
vaccine and placebo by the same route as the initial injection.
Subjects remained in the clinic for at least 20 minutes after
each injection and were seen in the clinic 2 and 7 days later
for safety evaluations. All subjects recorded their oral tempera-
ture, the presence of any injection site or systemic symptoms,
and the use of any medication(s) on a memory aid daily for 1
week after each vaccination.

Solicited and unsolicited adverse events were graded on a
scale of 0–3, where 0 indicated absence of symptoms, 1 indi-
cated mild symptoms that did not interfere with daily activi-
ties, 2 indicated moderate symptoms that had some
interference with daily activities, and 3 indicated severe symp-
toms that were incapacitating. Solicited adverse events includ-
ed injection site symptoms (pain, tenderness, induration,
itching, erythema, and pigmentation) and systemic symptoms
(feverishness, headache, malaise, nausea, or myalgia). Fever
was an oral temperature of ≥37.8°C (≥100°F). The diameter
of injection site erythema, induration, and pigmentation were
graded as follows: grade 1, mild (diameter, <20 mm); grade 2,
moderate (20–50 mm); and grade 3, severe (>50 mm). Unso-
licited adverse events that occurred during days 0–56 were re-
corded. Serious adverse events (SAEs) were recorded
throughout the study period (from days 0 to 208, or 6 months
after the second dose of vaccine) and were defined as any
event that was considered life threatening and resulted in sig-
nificant or persistent disability, hospitalization, or death.

Serological Testing
Blood samples for hemagglutination inhibition (HAI) and mi-
croneutralization (Neut) antibody assays were collected prior
to each vaccination (on days 0 and 28) and 4 weeks and 6
months after the second vaccination (on days 56 and 208, re-
spectively). An HAI or Neut antibody titer of ≥40 was consid-
ered a putative protective titer. Samples that were negative
(titer, <10) were assigned a titer of 5. Seroresponse was
defined as increases relative to baseline in H5-specific HAI
and/or Neut antibody titer of ≥4-fold to at least 40 after vacci-
nation. HAI and Neut assays were performed at Southern Re-
search Institute, Birmingham, Alabama, as described
previously [25, 26].

Statistical Considerations
This study was designed to explore the immunogenicity of a
monovalent inactivated influenza A/H5N1 vaccine adminis-
tered in a similar dose by the intradermal or intramuscular

routes. Our hypothesis was that the influenza A/H5N1 vaccine
given by intradermal injection has a slightly greater but
acceptable injection site reactogenicity, less systemic reactoge-
nicity, and superior immunogenicity than the same dosage
given by intramuscular injection to healthy subjects aged
18–49 years. The sample size of 113 per group (intradermal
and intramuscular) was selected to detect a 20% absolute
increase in seroresponse frequency in the intradermal vaccine
group, assuming a 30% seroresponse frequency in the intra-
muscular vaccine group.

Frequencies of injection site and systemic reactions after
each vaccination were based on the most severe response re-
ported. Comparisons between vaccine groups were performed
using the Fisher exact test, in which reactogenicity was dichot-
omized as either none to mild or moderate to severe. Logistic
regression models that controlled for age and sex were used to
evaluate differences between vaccine groups for injection site/
systemic reactogenicity.

Immune responses were summarized in terms of H5-
specific HAI and Neut antibody titers transformed to a loga-
rithmic scale for analyses. Analyses included the distribution
of titers (emphasizing the proportion of subjects achieving
titers that were ≥40 and a 4-fold rise over baseline) at 28 days
after each vaccination. The Fisher exact test and analysis of
variance were used to test the difference between groups for
dichotomous (titer ≥40, 4-fold rise) and continuous (geomet-
ric mean titer [GMT]) measures, respectively. Logistic regres-
sion and linear regression models that controlled for age and
sex were developed for 4-fold responses and GMT, respective-
ly, to examine the effect of route of administration.

RESULTS

Subjects
Two hundred fifty-nine persons were screened, and 227 were
enrolled in the study (113 in the intradermal vaccine group
and 114 in the intramuscular vaccine group) between 14
March 2007 and 20 June 2007. One subject in the intramuscu-
lar group did not receive the second dose of vaccine because
of an exacerbation of back pain, which was a preexisting
medical condition. This subject was excluded from the immu-
nogenicity analyses following the second dose (on days 56 and
208) because of incomplete receipt of the vaccination series.
Three subjects (2 in the intradermal group and 1 in the intra-
muscular group) did not complete the day 208 blood draw.
Baseline demographic characteristics of the 227 enrolled sub-
jects are shown in Table 1. The mean age of the study subjects
was 30.1 years (range, 18–49 years), and the median age was
27.9 years. The majority were female (59%), non-Hispanic
(80%), and white (63%). Age, sex, ethnicity, and race were
similar in the intradermal and intramuscular groups.
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Safety and Reactogenicity
The vaccine was well tolerated when delivered by each route.
Four SAEs were reported during the study period; none was
considered to be associated with vaccine. The SAEs were
bipolar disorder, acute appendicitis, hydronephrosis, and
adult-onset diabetes mellitus. None of the SAEs resulted in
death.

Injection Site Reactogenicity
Injection site reactions were common after each vaccination.
All subjects in the intradermal group reported reactions after
both vaccinations, and 73% and 64% of subjects in the intra-
muscular group reported reactions after the first and second
vaccinations, respectively (Figures 1 and 2). Most of these
were mild (84% and 77% of subjects across both groups after
the first and second vaccinations, respectively), peaked on
days 0–1, and resolved by day 7 after vaccination. The intra-
dermal group had a higher frequency of pain (P = .0026 for
dose 1 and P < .0001 for dose 2) and itching (P < .0001 for
both doses) than the intramuscular group after both vaccina-
tions and a higher frequency of pigmentation following the
vaccination (P < .0001 for dose 1). The pigmentation typically
consisted of small, hyperpigmented macules at the injection
site that were transient and resolved. The median time to reso-
lution was about 89 days. The intradermal group also had a
higher frequency of erythema at the injection site, compared
with the intramuscular group, after both vaccinations
(P < .0001 for both doses). The erythema diameter in the in-
tradermal group ranged from 5 mm to 67 mm for the majori-
ty of subjects (1 participant had an erythema with a diameter

of 73 mm on day 1). The size of the erythema typically peaked
on days 1 or 2 after vaccination and resolved by day 7
(Figure 3).

Systemic Reactogenicity
Similar frequencies of systemic reactions were observed follow-
ing each dose of vaccine, and there were no significant differ-
ences in the frequencies of systemic reactions observed
between the intradermal and intramuscular groups. Among
both groups, systemic reactions were reported by 54% of sub-
jects after dose 1 and by 30% of subjects after dose 2; most of
these were mild. One subject in the intradermal group experi-
enced a severe headache after dose 2. The headache resolved
within 24 hours and was not associated with vaccine. The
most frequently reported systemic symptoms among both
groups were headache (34% after dose 1 and 21% after dose 2)
and malaise (29% after dose 1 and 17% after dose 2). Most
symptoms were reported within 4 days of vaccination and re-
solved within 7 days.

Immunogenicity
Serum antibody levels before and after each dose of vaccine
are shown in Table 2. Preimmunization levels of HAI and
Neut antibodies were low and similar in the intradermal and
intramuscular groups (GMT, 5.0–6.1). The highest serum anti-
body levels were observed 1 month after the second vaccine
dose. The GMT of HAI antibody 1 month after the second
intradermal dose (25.2; 95% confidence interval [CI], 18.3–
34.5) was significantly higher than that observed after the first
dose (13.1; 95% CI, 9.9–17.3); however, titers were similar to
those achieved after 2 doses by the intramuscular route (18.1;
95% CI, 13.6–24.1). By 6 months after dose 2, the HAI GMTs
decreased significantly and remained similar in the 2 groups.
For Neut GMT responses, antibody levels were significantly
higher for both groups after the second vaccine dose as com-
pared to levels after the first dose and at the 6-month time
point.

The proportion of subjects achieving a serum antibody level
of 40 and the proportion achieving an increase of ≥4-fold
were significantly higher after the second dose as compared to
after the first dose for the intradermal group, as measured by
the HAI and Neut assays. The proportions by both measures
were highest after the second dose (on day 56), as measured
by the Neut assay. Logistic regression models were built on
the 4-fold rise responses for the HAI and Neut assays and for
each vaccination. Sex and age were included in the models. No
clear effect of route of delivery was found on the 4-fold rise
responses in any of these models.

Overall, Neut antibody response rates were higher than the
HAI response rates at most time points. At 6 months after the
second dose of vaccine, GMTs and seroprotection rates had
decreased in both groups.

Table 1. Demographic Characteristics of Enrolled Subjects

Characteristic
Overall
(n = 227)

Intradermal H5
HA Group
(n = 113)

Intramuscular
H5 HA Group

(n = 114)

Age, years

Mean (SD) 30.1 (7.7) 29.7 (7.4) 30.5 (8.0)
Median
(range)

27.9 (18–49) 27.5 (18–49) 28.0 (20–49)

Sex
Male 93 (41) 39 (35) 54 (47)

Female 134 (59) 74 (65) 60 (53)

Ethnicity
Non-Hispanic 182 (80) 90 (80) 92 (81)

Hispanic 45 (20) 23 (20) 22 (19)

Race
Asian 36 (16) 19 (17) 17 (15)

Black/African 28 (12) 13 (12) 15 (13)

American
White 144 (63) 70 (62) 74 (65)

Multiracial 14 (6) 8 (7) 6 (5)

Data are no. (%) of subjects, unless otherwise indicated.
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Figure 1. Maximum injection site reactogenicity among 114 subjects in the intramuscular group and 113 subjects in the intradermal group after dose 1.
Numbers above the bars represent the proportion of subjects who reported the local reaction during the 7 days after dose 1. Data represent the
maximum severity of local site reactogenicity during the 7 days. For injection site pain (discomfort of area at rest), tenderness (discomfort with palpation
or movement of the arm), itching, and induration, yellow denotes mild (did not interfere with activity), orange denotes moderate (some interference with
daily activities), and red denotes severe (incapacitating). For local induration, erythema, and pigmentation (diameter), yellow denotes mild (<20 mm),
orange denotes moderate (20–50 mm), and red denotes severe (>50 mm).

Figure 2. Maximum injection site reactogenicity among 113 subjects in the intramuscular group and 113 subjects in the intradermal group after dose 2.
Numbers above the bars represent the proportion of subjects who reported the local reaction during the 7 days after dose 2. Data represent the maximum
severity of local site reactogenicity during the 7 days. For local pain, tenderness, itching, and induration, yellow denotes mild (did not interfere with activity),
orange denotes moderate (some interference with daily activities), and red denotes severe (incapacitating). For local induration, erythema, and pigmentation
(diameter), yellow denotes mild (<20 mm), orange denotes moderate (20–50 mm), and red denotes severe (>50 mm).
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DISCUSSION

We evaluated the safety and immunogenicity of the same dosage
(38.7 μg) of a subvirion influenza A/H5N1 vaccine in young
adults that was administered by the standard intramuscular
route or by the intradermal route using the Mantoux technique.
Overall, the vaccine was well tolerated regardless of route of
administration. Intradermal vaccination was associated with
higher frequencies of transient injection site redness and
pigmentation, compared with intramuscular administration.
Systemic reactogenicity was similar between the groups. No
vaccine-associated SAEs were observed, and no subjects discon-
tinued vaccinations because of vaccine intolerability.

Prior to vaccination, all but 3 healthy adults between the
ages of 18–49 years in the study were H5N1 seronegative,

which is comparable to data from prior H5N1 vaccine studies
[4, 8, 9]. Among all subjects, a 38.7-μg dosage of a subvirion
inactivated influenza A/H5N1 vaccine administered by the in-
tradermal or the intramuscular route yielded GMTs, seropro-
tection rates, and seroresponse rates that were low but
comparable between both the intradermal and intramuscular
groups. The immune responses were significantly higher after
2 doses of vaccine, regardless of route of administration. The
responses after 2 doses did not meet the primary immunoge-
nicity end points outlined in the guidance for licensure for
pandemic influenza vaccines provided by the US Food and
Drug Administration (end point for individuals <65 years of
age: HAI antibody titer ≥1:40 in ≥70% of subjects) [27].

There remains a need for timely delivery of an adequate
supply of immunogenic influenza vaccines for the global

Figure 3. Maximum diameter of erythema at the injection site among subjects in the intradermal and intramuscular groups 0–7 days after doses 1
and 2. In the box plots, the center horizontal line is drawn at the 50th percentile (median); the bottom and top edges of the box are located at the 25th
and 75th percentiles, respectively; the mean value is denoted by the diamond; the vertical lines extend from the box to the 5th and 95th percentiles;
and extreme values are marked with a plot symbol.
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population. Development of ideal vaccine strategies remains
challenging. Along with the development of various types of
vaccines and manufacturing methods, dosage-sparing strate-
gies will help stretch vaccine supply for pandemic and season-
al influenza. The intradermal route delivers the antigen
directly into the skin, which is rich in antigen-presenting den-
dritic cells. In the majority of the previous intradermal studies,
a standard intramuscular or subcutaneous dosage was com-
pared to a reduced intradermal dosage of influenza vaccines in
a population that was primed to the vaccine subtype (seasonal
influenza vaccines). Findings from many of the earlier studies
are difficult to generalize because of differences in study popu-
lations, dosages, and study design. More recently, a seasonal
influenza vaccine administered by the intradermal route using
a microinjection system was shown to elicit superior immune
responses among healthy subjects aged ≥60 years when com-
pared with a similar dose of vaccine given by the intramuscu-
lar route [28]. In another study, a lower dose (9 μg) of a
seasonal influenza vaccine given intradermally using the same
microinjection system elicited similar responses when com-
pared with those observed after a 15-μg dose given intramus-
cular among healthy subjects aged 18–64 years [29]. The use
of a microinjection device may help to control the location

and the amount of vaccine delivered, thus resulting in consis-
tent results.

Intradermal delivery of seasonal influenza vaccines has been
studied and shown to be noninferior to intramuscular delivery
among primed individuals, but limited studies have evaluated
the intradermal route for novel strains of influenza in an un-
primed population. Our study is among a few reported that
has delivered a novel influenza virus antigen by the intrader-
mal route to an unprimed population [15, 19]. McCarroll et al
evaluated 6 different immunization regimens involving the
novel Asian Flu vaccine in hospital employees in the 1950s.
Study arms consisted of direct comparisons of similar dosages
of vaccine (2 doses of 0.1 or 0.2 mL given 7 days apart, either
subcutaneously or intradermally). The responses were similar
between the subcutaneous and intradermal groups, regardless
of amount (0.1 or 0.2 mL), and 2 doses of vaccine were supe-
rior to a single dose of vaccine, regardless of route [19].

Our study has some limitations. First, the sample size was
based on detecting a 20% absolute increase in seroresponse
frequency in the intradermal vaccine group, assuming a 30%
seroresponse frequency in the intramuscular vaccine group.
The parameters set for the sample size calculation were based
on clinically advantageous immunogenicity goals of the

Table 2. Serum Hemagglutination Inhibition (HAI) and Neutralizing (Neut) Antibody Responses Before and After Each Dose of
Vaccine

Day 0 Day 28 Day 56 Day 280

Vaccine Group
No.

Tested
Before
Dose 1

No.
Tested

28 Days After
Dose 1

No.
Tested

28 Days After
Dose 2

No.
Tested

6 Months After
Dose 2

HAI

GMT (95% CI)
Intramuscular H5 HA 114 5.2 (5.0–5.4) 114 11.9 (9.1–15.4) 113 18.1 (13.6–24.1) 112 8.9 (7.3–10.9)

Intradermal H5 HA 113 5.4 (5.0–5.9) 113 13.1 (9.9–17.3) 113 25.2 (18.3–34.5) 111 10.0 (8.1–12.4)

Percentage achieving titer ≥40 (95% CI)
Intramuscular H5 HA 114 0.9 (0–4.8) 114 25.4 (17.7–34.4) 113 35.4 (26.6–45.0) 112 14.3 (8.4–22.2)

Intradermal H5 HA 113 1.8 (.2–6.2) 113 23.0 (15.6–31.9) 113 42.5 (33.2–52.1) 111 18.0 (11.4–26.4)

Percentage achieving ≥4-fold rise (95% CI)
Intramuscular H5 HA … NA 114 25.4 (17.7–34.4) 113 35.4 (26.6–45.0) 112 14.3 (8.4–22.2)

Intradermal H5 HA … NA 113 22.1 (14.9–30.9) 113 41.6 (32.4–51.2) 111 15.3 (9.2–23.4)

Neut
GMTs (95% CI)

Intramuscular H5 HA 114 5.4 (5.1–5.8) 114 13.3 (10.5–16.7) 113 33.1 (26.5–41.3) 112 11.0 (9.3–13.1)

Intradermal H5 HA 113 5.6 (5.1–6.1) 113 14.3 (11.4–18.0) 113 42.7 (34.3–53.0) 111 13.3 (11.1–16.0)
Percentage achieving titer ≥40 (95% CI)

Intramuscular H5 HA 114 0.9 (0–4.8) 114 21.9 (14.7–30.6) 113 51.3 (41.7–60.8) 112 12.5 (7.0–20.1)

Intradermal H5 HA 113 1.8 (.2–6.2) 113 23.9 (16.4–32.8) 113 60.2 (50.5–69.3) 111 17.1 (10.6–25.4)
Percentage achieving ≥4-fold rise (95% CI)

Intramuscular H5 HA … NA 114 21.1 (14.0–29.7) 113 51.3 (41.7–60.8) 112 12.5 (7.0–20.1)

Intradermal H5 HA … NA 113 22.1 (14.9–30.9) 113 56.6 (47.0–65.9) 111 15.3 (9.2–23.4)

Abbreviations: CI, confidence interval; GMT, geometric mean titer; HA, hemagglutinin; NA, not applicable.
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intradermal route over the intramuscular route. To determine
whether the intradermal route has an advantage over the in-
tramuscular route, a larger sample size would be needed to
detect smaller differences between the groups. Second, the
amount administered by the intradermal route was limited by
the available formulation and the volume (0.1 mL) that could
be administered in a single intradermal injection; however, in-
creasing the dosage would compromise the potential for intra-
dermal delivery to be a dosage-sparing strategy. Third, the
method of delivery for the intradermal administration in-
volved the Mantoux technique. Although, in our study a
single, very experienced vaccinator conducted all the vaccina-
tions and bleb formation was confirmed, use of a microneedle
injection system may have yielded different results.

In conclusion, our study is the first to directly compare in-
tradermal and intramuscular delivery of the same dosage of a
candidate influenza A/H5N1 pandemic subvirion vaccine. The
vaccine was well tolerated regardless of route. No evidence of
enhanced immunogenicity was observed when administering
38.7 μg of vaccine via the intradermal route by the Mantoux
technique, compared with delivery via the traditional intra-
muscular route. The vaccine administered in this study was
A/H5N1, which, for reasons that are not completely under-
stood, has required higher dosages when delivered by the in-
tramuscular route (2 doses of 90 μg), compared with other
novel influenza virus HA antigens. This particular antigen
may be poorly immunogenic as compared to other novel
antigens. To improve vaccine strategies and possible dosage-
sparing strategies, further investigations of intradermal vacci-
nation with higher concentrations of this subvirion H5 HA
influenza vaccine would not be ideal. Future investigations of
intradermal vaccination with this novel influenza virus antigen
(H5) should include adjuvants and a lower antigen content
and comparison of intradermal administration via an intrader-
mal delivery system. In addition, future investigations may
include evaluation of other novel HA antigens, such as H7 or
H9, which may not be as poorly immunogenic as the H5
antigen.
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