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ABSTRACT

BACKGROUND
If found to be safe and immunogenic, reduced doses of influenza vaccine given by the
intradermal route could increase the number of available doses of vaccine.

METHODS

In an open-label study, we randomly assigned 119 subjects to receive an intradermal in-
jection of trivalent inactivated influenza vaccine, containing 6 pg of hemagglutinin for
each antigen (40 percent of the usual dose), and 119 to receive an intramuscular injec-
tion of the standard dose of 15 pg of hemagglutinin for each antigen. The two groups
were subdivided according to age (18 to 60 years and older than 60 years).

RESULTS

Among subjects who were 18 to 60 years of age, serum antibody responses were vigo-
rous and did not differ significantly between the intradermal and intramuscular groups,
and all subjects had hemagglutination-inhibition (HAI) titers of atleast 1:40. Although
the subjects who were older than 60 years of age also had a vigorous antibody response,
there was a trend toward a better response in the intramuscular route, but this finding
was significant only for antigen to the H3N2 strain. Nevertheless, 100 percent of older
subjects in the intramuscular group and 93 percent of such subjects in the intradermal
group had an HAI antibody titer to the H3N2 strain of more than 1:40, and 100 percent
in each group had a titer of this level for both the HIN1 and B strains. Local pain was
significantly more common in the intramuscular group than in the intradermal group
among subjects who were 18 to 60 years of age but not among subjects who were over
60 years old. Signs of local inflammation were significantly more common among sub-
jects in the intradermal group than among those in the intramuscular group, in both
age groups.

CONCLUSIONS

As compared with an intramuscular injection of full-dose influenza vaccine, an intra-
dermal injection of a reduced dose resulted in similarly vigorous antibody responses
among persons 18 to 60 years of age but not among those over the age of 60 years.
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NTRADERMAL ADMINISTRATION OF ANTI-

gens is expected to facilitate their exposure to

antigen-presenting cells, such as macrophag-
es and dendritic cells, which are present at higher
levels in skin than in muscle.® Therefore, as com-
pared with intramuscular vaccination, intradermal
vaccination may induce similar serum antibody re-
sponses with a smaller quantity of antigen. The in-
tradermal route has been evaluated for influenza,
rabies, and hepatitis B virus vaccines.?> Brown et al.
found that the intradermal administration of one
fifth of the standard dose of A/Swine/NJ/76 influ-
enza vaccine produced antibody titers similar to
those elicited by the standard intramuscular dose
in healthy adults and resulted in fewer systemic re-
actions.® We evaluated the safety and immunoge-
nicity of the intradermal injection of a candidate in-
fluenza vaccine containing 6 pg of hemagglutinin
antigen per strain in two groups of adults, one 18
to 60 years of age and the other over 60 years of age.
A U.S.-licensed influenza vaccine administered in-
tramuscularly at the standard dose was used as the
reference vaccine.

METHODS

SUBJECTS AND STUDY DESIGN

The primary objective of the study was to evaluate
the immunogenicity of intradermal vaccination
with a candidate influenza vaccine containing 6 pg
of hemagglutinin antigen of each strain in the vac-
cine, as measured by the titer of hemagglutination-
inhibition (HAI) antibodies, in order to determine
whether it met the guidelines of the European Com-
mittee for Proprietary Medicinal Products (CPMP)
for the annual relicensure of influenza vaccines. The
current CPMP guidelines are summarized as fol-
lows: for adults 18 to 60 years old, the seroconver-
sion rate must exceed 40 percent, the seroconver-
sion factor must exceed 2.5, and the seroprotection
rate must exceed 70 percent; the respective values
for adults over the age of 60 years are more than
30 percent, more than 2.0, and more than 60 per-
cent. The seroconversion rate is the percentage of
vaccine recipients who have an increase in serum
HAI titers by at least a factor of 4 after vaccination,
as compared with titers before vaccination. The
seroconversion factor is the fold increase in serum
HAI titers after vaccination (the postvaccination
antibody titer divided by the prevaccination anti-
body titer), and the seroprotection rate is the per-
centage of vaccine recipients with a serum HAI titer

of at least 1:40 after vaccination. To meet the CPMP
guidelines, each of the vaccine antigens must meet
at least one of the above criteria.

Secondary objectives included a comparison of
the immunogenicity and safety of the candidate vac-
cine administered intradermally at a reduced dose
with those of the reference vaccine, a U.S.-licensed
influenza vaccine administered intramuscularly at
the standard dose. We also evaluated the severity of
pain at the administration site just after the injec-
tion, using a visual-analogue scale.

A total of 238 subjects were enrolled at two clin-
ical centers: 130 men and women 18 to 60 years of
age and 108 men and women over 60 years of age.
The subjects were divided into four groups of ap-
proximately 60 subjects each. All subjects gave writ-
ten informed consent, and the study was approved
by the institutional review boards at Saint Louis Uni-
versity and the University of Rochester. Subjects
were free of obvious health problems before enroll-
ment, as established by a review of their medical
history and a clinical examination. Subjects were
excluded if they had been taking immunosuppres-
sants or other immune-modifying drugs within two
months before vaccination or were pregnant or
lactating.

The trial design was developed by investigators
at GlaxoSmithKline with advice from the study in-
vestigators. Data were gathered by the study inves-
tigators and transmitted to the sponsor, which was
responsible for maintaining the database and ana-
lyzing the data. The data were interpreted jointly by
the study investigators and the sponsor. Dr. Belshe,
the lead investigator, drafted the manuscript and
made decisions about publication. The investiga-
tors had full and unfettered access to the data.

STUDY VACCINES AND VACCINE ADMINISTRATION
Each 0.5-ml dose of the U.S.-licensed influenza vac-
cine used in the study (Fluzone, Aventis Pasteur, lot
SSW200101C7) contained 15 pg of hemagglutinin
antigen of A/New Caledonia/20/99 (H1N1), 15 ug
of hemagglutinin antigen of A/Panama/2007/99
(H3N2), 15 pg of hemagglutinin antigen of B/Vic-
toria 504/2000, 0.05 percent gelatin (as a stabiliz-
er), and 25 pg of mercury as thimerosal preservative.
This commercial vaccine was assumed to comply
with the specifications given in the manufactur-
er’s summary of product characteristics, was used
in full adult doses of 0.5 ml for intramuscular in-
jection, and was supplied in 5-ml multidose vials.
The vial was shaken before each dose was with-
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drawn. Shaking the vaccine results in an essential-
ly clear and slightly opalescent liquid. The spon-
sor provided 25-gauge, 25.4-mm needles attached
to 1-ml syringes for the intramuscular injections.
The vaccine was administered intramuscularly in
the region of the deltoid muscle of the nondomi-
nant arm.

The vaccine used for intradermal injections
(GlaxoSmithKline, lot DFLU50A15) was supplied
in prefilled 0.5-ml glass syringes containing 0.1 ml
of vaccine. This vaccine, which is not currently li-
censed for use in the United States, is a trivalent in-
activated vaccine prepared at twice the standard
concentration, with each dose containing 6 yg of
hemagglutinin antigen of A/New Caledonia/20/99
(HIN1), 6 pg of hemagglutinin antigen of A/Pan-
ama/2007/99 (H3N2), 6 pg of hemagglutinin anti-
gen of BfJohannesburg 5/99, and less than 0.25 pg
of mercury as thimerosal. The resulting dose of vac-
cine represented 40 percent of the intramuscular
dose. Vaccine was administered intradermally with
the use of a tuberculin syringe with a 30-gauge bev-
eled needle that protruded by 1.5 mm from a plas-
tic disk to limit skin penetration, thus ensuring that
the vaccine was administered intradermally and not
subcutaneously. The syringe was placed perpendic-
ular to the skin of the deltoid region of the nondom-
inant arm and introduced firmly into the skin until
the skin came in close contact with the disk limiting
penetration. Light pressure was maintained during
injection to ensure continuous contact of the disk
with the skin and to limit any leakage of the vac-
cine from the injection site. The injection lasted ap-
proximately three to five seconds. Wheal formation
confirmed that the intradermal injection had been
effective. All subjects were observed for 30 minutes
after vaccination.

RANDOMIZATION

The randomization was performed at GlaxoSmith-
Kline Biologicals, in Rixensart, Belgium, with the
use of a standard SAS program. A block randomiza-
tion scheme (1:1 ratio) was used to ensure that bal-
ance between the two treatments was maintained.
A unique randomization number identified the vac-
cine dose administered to each subject, as well as
the device used. On day 0, subjects, depending on
their age, were given the vaccine dose with the low-
est number still available at the study center. The
vaccine number was also used as a subject identifier
for all data collected during the study.

MEASUREMENT OF REACTOGENICITY

Immediately after vaccination, subjects were asked
to rate the painfulness of the injection with the use
of a nongraduated visual-analogue scale, ranging
from 0 mm (no pain) to 100 mm (worst possible
pain). Each subject drew a vertical line on the scale,
and the distance from zero was taken as the measure
of the severity of pain. In addition, subjects were
given diary cards to record any of the following im-
munization reactions that occurred on the day of
vaccination or during the six subsequent days: pain,
redness, swelling, induration, or ecchymosis at
the injection site; fever (a temperature of at least
37.5°C [99.5°F]); headache; malaise; shivering; my-
algia; and arthralgia. Information on serious ad-
verse events was collected throughout the trial.

ASSESSMENT OF IMMUNOGENICITY

A serum sample was collected from each subject be-
fore vaccination and approximately 21 days (range,
21 to 28) after vaccination. Serum samples were
separated into aliquots and stored at a temperature
0f—20°C or lower until assayed. The standard HAI
assay was conducted at GlaxoSmithKline Biologi-
cals (Dresden, Germany) to determine antibody ti-
ters against each of the strains of influenza included
in the vaccine. The strains of influenza A/HIN1
and influenza A/H3N2 used in the two vaccines were
the same, but the influenza B strains were differ-
ent. The intramuscular vaccine contained B/Vic-
toria 504/2000, whereas the intradermal vaccine
included the closely related B/Johannesburg 5/99
strain. Since the serum samples were tested in a
blinded fashion (i.e., the laboratory staff did not
know which vaccine was administered to the sub-
jects), all samples were tested against both of the
influenza B strains as well as the homologous in-
fluenza A/HIN1 and influenza A/H3N?2 strains.

STATISTICAL ANALYSIS

The sample size was determined on the basis of the
number needed to meet annual licensing require-
ments for influenza vaccine in Europe. In accor-
dance with CPMP criteria, 60 subjects per group
were to be recruited in order to have at least 50 sub-
jects with data that could be evaluated. The power
to meet the CPMP criteria for all strains was at least
100 percent minus the sum of the beta coefficients
for each strain and age group. Specifically, if the
true seroconversion rate for strains was at least 55
percent among adults 18 to 60 years of age and at
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least 45 percent among those older than 60 years,
the study had a statistical power of at least 88 per-
cent to meet the CPMP criteria with the use of the
seroconversion rate alone.

Analyses were performed with the use of SAS
software, version 6.12. Only descriptive data are pre-
sented for immunogenicity and reactogenicity. The
geometric mean titer of each strain was calculated
with the use of the log-transformed values from all
subjects; the geometric mean titer was taken as the
antilog of the mean of the transformed values. Nine-
ty-five percent confidence intervals for the ratio of
the geometric mean titers were calculated, with in-
tervals that excluded 1 indicating possible differ-
ences between groups.

According to the protocol, the safety analysis in-
cluded all subjects given an injection for whom
datawere recorded, and the analysis of immunoge-
nicity included all subjects with paired serum sam-
ples collected on day 0 (before vaccination) and 21
to 28 days after vaccination.

RESULTS

The first subject was enrolled on October 26, 2001,
and the last study visit was on January 10, 2002.
A total of 238 subjects were enrolled and randomly
assigned to the two treatment groups: 119 to the
intramuscular group and 119 to the intradermal
group. The subjects were also divided into two age
strata: 130 subjects were 18 to 60 years of age, and
108 subjects were over 60 years of age.

All 238 subjects completed both study visits and
received the vaccine according to the protocol. No
data were available for 1 subject in the intradermal
group, leaving 237 subjects eligible for inclusion in
the reactogenicity analysis according to the proto-
col. Data from 123 of the 130 subjects who were 18
to 60 years old and from 102 of the 108 subjects over
60 years of age were eligible for inclusion in the im-
munogenicity analysis according to the protocol.
Eleven of the 13 subjects who were excluded from
the serologic analysis were noncompliant with the
blood-drawing schedule, and essential data were
missing for 2 subjects. The age and sex distribution
of the subjects in each age group is given in Table 1.

Among the younger subjects (18 to 60 years of
age), there were no significant differences between
the intradermal group and the intramuscular group
in the geometric mean HAI titers of any of the an-
tigens after vaccination (Table 2); all subjects had
titers of at least 1:40 in response to each of the three

Table 1. Demographic Characteristics of the Subjects.
No. of
Group Subjects Age (yr)
Mean +SD  Range

18-60 Yr of age

Intramuscular 69 39.3+11.3 18-60
Women 45 39.0+10.6 21-58
Men 24 39.8+12.8 18-60

Intradermal 61 39.6x11.6 18-60
Women 37 38.5+10.1 20-55
Men 24 41.2+13.6 18-60

All subjects 130 39.4:£11.4  18-60
Women 82 38.8+10.3 20-58
Men 48 40.5+13.1 18-60

>60 Yr of age

Intramuscular 50 69.8+7.6 61-91
Women 29 70.8+8.3 61-91
Men 21 68.5+6.4 62-83

Intradermal 58 68.7£5.5 61-82
Women 27 69.1+5.8 61-80
Men 31 68.3+5.2 61-82

All subjects 108 69.2+6.5 61-91
Women 56 70.0+7.2 61-91
Men 52 68.4+5.7 61-83

strains in the vaccines. Mean fold increases in titers
did not differ significantly between the groups; the
slightly lower fold increase in the response to the
strain B antigens in the intradermal group (2.4 for
B/Johannesburg and 2.4 for B/Victoria) and the
lower seroconversion rates (25.0 percent and 26.7
percent, respectively) may have been due to the high-
er antibody titers to influenza B in this group be-
fore vaccination (reciprocal HAI titers of 214 and
214, respectively, as compared with the respective
values 0f 140 and 156 in the intramuscular group).

Among the older subjects (over 60 years of age),
the postvaccination geometric mean HALI titers
were generally lower for all antigens than those in
younger subjects, and the titers fell outside the low-
er boundary of the 95 percent confidence interval
of the titer in younger subjects for the H1/New
Caledonia and B/Victoria strains in the intramus-
cular group and for all four strains in the intra-
dermal group (Tables 2 and 3). The intramuscular
route resulted in higher geometric mean HAI titers
for A/Panama (H3N?2) than the intradermal route
among the subjects over 60 years old (ratio of the
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Table 2. Geometric Mean HAI Antibody Titers before and after Intramuscular or Intradermal Vaccination of Subjects 18

to 60 Years of Age.*

Variable

Geometric mean titery
A/New Caledonia (HIN1)
Before vaccination
After vaccination

A/Panama (H3N2)
Before vaccination
After vaccination
B/Johannesburg
Before vaccination
After vaccination
B/Victoria
Before vaccination
After vaccination
Seroconversion rate (%)
A/New Caledonia (HIN1)
A/Panama (H3N2)
B/Johannesburg
B/Victoria
Seroconversion factor;:
A/New Caledonia (HIN1)
A/Panama (H3N2)
B/Johannesburg
B/Victoria
Seroprotection rate (%)
A/New Caledonia (HIN1)
Before vaccination
After vaccination
A/Panama (H3N2)
Before vaccination
After vaccination
B/Johannesburg
Before vaccination
After vaccination
B/Victoria
Before vaccination

After vaccination

Intramuscular
Group (N=63)

93 (69-125)
361 (280-467)

75 (54-104)
271 (214-344)

140 (111-178)
508 (413-625)

156 (122-198)
522 (425-641)

42.9 (30.5-56.0)
33.3 (22.0-46.3)
42.9 (30.5-56.0)
44.4 (31.9-57.5)

3.9 (2.9-5.3)

3.6 (2.6-5.1)

3.6 (2.7-4.8)

3.4 (2.5-4.5)
77.8

100.0
79.4

100.0
93.7

100.0
93.7

100.0

value (95% Cl)

Intradermal
Group (N=60)

90 (62-131)
359 (271-476)

64 (47-91)
258 (203-329)

214 (166-275)
517 (420-636)

214 (161-283)
514 (411-642)

31.7 (20.3-45.0)
35.0 (23.1-48.4)
25.0 (14.7-37.9)
26.7 (16.1-39.7)

4.0 (2.6-6.0)
40 (2.7-5.7)
2.4 (1.9-3.2)
2.4 (1.7-3.4)
75.0

100.0
733

100.0
98.3

100.0
95.0

100.0

%

* Values were compared with the use of the following CPMP guidelines: a seroconversion rate of more than 40 percent,

a seroconversion factor of more than 2.5, and a rate of seroprotection (defined as a titer of 1:40 or more) of more than
70 percent. Prevaccination blood samples were obtained at the time of vaccination, and postvaccination samples were
obtained between day 21 and day 28. None of the responses to intradermal vaccination differed significantly from the re-
sponses to intramuscular vaccination by Fisher’s exact test. Cl denotes confidence interval.

" The ratio (and 95 percent confidence interval) of the geometric mean titer after intramuscular vaccination to the titer
after intradermal vaccination was 1.0 (0.7 to 1.5) for the A/New Caledonia strain, 1.1 (0.8 to 1.5) for the A/Panama strain,
1.0 (0.7 to 1.3) for the B/Johannesburg strain, and 1.0 (0.8 to 1.4) for the B/Victoria strain.

I The seroconversion factor is the ratio of the geometric mean titer before vaccination to the titer after vacccination.
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over 60 Years of Age.*

Table 3. Geometric Mean HAI Antibody Titers before and after Intramuscular or Intradermal Vaccination of Subjects

Variable

Geometric mean titery
A/New Caledonia (HIN1)
Before vaccination
After vaccination

A/Panama (H3N2)
Before vaccination
After vaccination
B/Johannesburg
Before vaccination
After vaccination
B/Victoria
Before vaccination
After vaccination
Seroconversion rate (%)
A/New Caledonia (HIN1)
A/Panama (H3N2)
B/Johannesburg
B/Victoria
Seroconversion factorq|
A/New Caledonia (HIN1)
A/Panama (H3N2)
B/Johannesburg
B/Victoria
Seroprotection rate (%)
A/New Caledonia (HIN1)
Before vaccination
After vaccination
A/Panama (H3N2)
Before vaccination
After vaccination
B/Johannesburg
Before vaccination
After vaccination
B/Victoria
Before vaccination
After vaccination

Intramuscular
Group (N=46)

value (95% Cl)

75 (55-103)
180 (141-232)

65 (44-95)
238 (168-338)

190 (142-255)
416 (326-532)

183 (136-248)
378 (301-474)

26.1 (14.3-41.1)
39.1 (25.1-54.6)
26.1 (14.3-41.1)
23.9 (12.6-38.8)
4(1.8-3.2)
7 (2.4-5.7)
2 (1.7-2.9)
1(1.6-2.7)
82.6
100.0
73.9
100.0
93.5
100.0
95.7
100.0

Intradermal
Group (N=56)

83 (65-105)
155 (125-193)

66 (48-92)
136 (100-186)

165 (130-209)
332 (265-416)

172 (136-218)
293 (235-366)

17.9 (8.9-30.4)
16.1 (7.6-28.3)§
17.9 (8.9-30.4)
17.9 (8.9-30.4)
1.9 (1.6-2.2)
2.1 (1.6-2.7)
2.0 (1.6-2.5)
1.7 1.4-2.1)
89.3
100.0
75.0
92.9
96.4
100.0
98.2
100.0

Values were compared with the following CPMP guidelines: a seroconversion rate of more than 30 percent, a seroconver-

sion factor of more than 2.0, and a rate of seroprotection (defined as a titer of 1:40 or more) of more than 60 percent. Pre-
vaccination blood samples were obtained at the time of vaccination, and postvaccination samples were obtained be-
tween day 21 and day 28. Cl denotes confidence interval.

i The ratio (and 95 percent confidence interval) of the geometric mean titer after intramuscular vaccination to the titer

after intradermal vaccination was 1.2 (0.8 to 1.6) for the A/New Caledonia strain, 1.8 (1.1 to 2.8) for the A/Panama strain,

1.3 (0.9 to 1.7) for the B/Johannesburg strain, and 1.3 (0.9 to 1.8) for the B/Victoria strain.
- P=0.009 by Student’s t-test.

§ The odds ratio for seroconversion in the intradermal group as compared with the intramuscular group was 0.30 (95 per-
cent confidence interval, 0.10 to 0.82; P=0.02 by Fisher’s exact test).
9§ The seroconversion factor is the ratio of the geometric mean titer before vaccination to the titer after vaccination.
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Table 4. Incidence of Local Symptoms.*
Symptom 18-60 Yr of Age >60 Yr of Age
Intramuscular Intradermal Intramuscular Intradermal
Group Group Group Group
(N=69) (N=60) (N=50) (N=58)
% of subjects
Pain
Any 67 45 16 19
Grade 2 or 3 321 5 6 2
Induration
Any 75§ 67§
Grade 2 or 3 22§ 2 3
Redness
Any 6 838§ 78§
Grade 2 or 3 5 48§ 26§
Swelling
Any 9 52§ 59§
Grade 2 or 3 1 17§ 2 5

* Grade 2 pain was defined as pain when the limb was moved; grade 3 pain was
defined as a spontaneously painful limb. Redness, swelling, or induration of
grade 2 was defined as ranging from more than 20 mm to no more than 50 mm
in diameter, and redness, swelling, or induration of grade 3 was defined as ex-
ceeding 50 mm in diameter. Data are presented for 237 subjects for whom
data were recorded.

T The severity of pain at the injection site was determined by means of a visual-
analogue scale and did not differ significantly between the intramuscular and
intradermal subgroups in either the group of subjects 18 to 60 years of age
(mean, 10.9 vs. 11.5; P=0.78 by Student’s t-test) or the group of subjects over
60 years of age (mean, 7.1 vs. 7.8; P=0.70).

I Chi-square=14.3;P<0.001 for the comparison with the respective intradermal
group.

§ Chi-square=7.0 or greater, depending on the comparison; P<0.01 for the com-
parison with the respective intramuscular group.

geometric mean titer in the intramuscular group to
the titer in the intradermal group, 1.8; 95 percent
confidence interval, 1.1 to 2.8) (Table 3). Among
older subjects, the frequency of seroconversion was
less than 30 percent in both the intramuscular and
intradermal groups, except in the case of the A/Pan-
ama strain in the intramuscular group (39.1 per-
cent) (Table 3); this result may be due to the relative-
ly high antibody levels against each of the strains
that were present before vaccination.

No serious adverse events that were related to
the vaccines were reported during the study. Local
pain, as assessed on diary cards, was significantly
less frequent among younger subjects in the intra-
dermal group than among those in the intramus-
cular group, but among older subjects, between the
intradermal and intramuscular groups the frequen-
cy did not differ significantly. Local inflammatory
responses were significantly more common after

2292 N ENGL J MED 351;22
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intradermal injection than after intramuscular in-
jection in both age groups (Table 4). These symp-
toms lasted an average of two or three days and were
mainly mild. All resolved without sequelae. In the
intradermal group, local reactions consisting of red-
ness, swelling, or induration of more than 50 mm
in diameter were the most severe adverse events,
occurring in four subjects who were 18 to 60 years
of age and in three subjects who were older than 60
years of age. The most severe local reaction report-
ed was 80 mm of redness on day 1 after intradermal
vaccination.

DISCUSSION

Intradermal administration of hepatitis B virus or
rabies vaccine has been used with moderate suc-
cess.*>718 The intradermal route has been evalu-
ated in ill persons (such as those with renal failure)
in an attempt to improve immunogenicity.*>2° In
a prospective study of 425 health care workers giv-
en 2 pg of hepatitis B surface antigen (HBsAg) by
the intradermal route or the standard intramuscu-
lar dose of 20 pg, the lower dose given intradermal-
ly resulted in antibody titers of more than 10 IU at
eight months in 81 percent of subjects, as compared
with 93 percent of subjects who were given the full
dose intramuscularly.?* Slightly larger amounts of
HBsAg administered intradermally (one sixth the
standard dose) resulted in seroconversion rates that
were equivalent to those obtained with a full dose
of vaccine administered intramuscularly; however,
peak titers were lower (and therefore less durable)
than those in the intramuscular group.*3 The intra-
dermal and intramuscular routes for the prophy-
lactic delivery of rabies vaccine have been compared
in schoolchildren in Thailand; three intramuscular
injections of 0.5 ml resulted in higher titers than
three intradermal injections of 0.1 ml, but there was
no significant difference in the percentage of chil-
dren with titers of atleast 0.15 IU per milliliter after
the primary series.* Higher titers, however, provid-
ed more durable protection at levels above 0.15 IU
per milliliter. In general, it appears that lower dos-
es of vaccine given intradermally can provide pro-
tective levels of antibody, but that antibody titers of
higher magnitude are induced by intramuscular
vaccination with larger quantities of antigen, and
that these higher titers are more desirable.

The quantity of antigen in the current parenteral
influenza vaccine provides moderate protection (ef-
ficacy of 40 percent to 90 percent, depending on the
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recipient’s age®?) against influenza strains that are
well matched to vaccine antigens. Relatively high
efficacy is observed in healthy young people, who
mountvigorous immune responses to 15 yg of anti-
gen given intramuscularly. Older persons often have
lower antibody responses and may not be as com-
pletely protected as younger persons. Fortunately,
among elderly persons, vaccination offers better
protection against hospitalization for influenza than
against the infection itself, and the use of trivalent
inactivated vaccine significantly reduces mortali-
ty.>? Strategies to improve the protection afforded
by the use of inactivated vaccine include increasing
the concentrations of antigens in the vaccine, add-
ing adjuvant to vaccine, and using alternative routes
ofimmunization. In this report, we summarize our
experience with the intradermal route.

Although both intramuscular and intradermal
vaccination in both age groups met the CPMP crite-
ria, the intradermal route seemed better suited for
younger subjects. The level of hemagglutinin anti-
gen in the intradermal dose was reduced to 40 per-
cent of that in the standard intramuscular dose,
with equivalent HAI antibody responses in young-
er persons; less vigorous responses were observed
in older persons in both the intradermal and intra-
muscular groups, and the response to the A/Pana-
ma strain (H3N2) in the intradermal group was
significantly lower than that in the intramuscular
group.

Alternatively, our results may simply reflect the
vigorous response of younger persons to smaller
quantities of influenza vaccine. Treanor et al. found
that half-dose (7.5 pg) influenza vaccine was nearly
as immunogenic as full-dose influenza vaccine in
healthy young persons.?3 Post hoc analyses of an-
tibody responses in subjects under 65 years of age
in the present study revealed no significant differ-
ences between the intramuscular group (78 patients)
and the intradermal group (78 patients): ratio of the
postvaccination geometric mean titer in the intra-
muscular group to the titer in the intradermal group,
1.1 (95 percent confidence interval, 0.8 to 1.5),
P=0.84, for the A/New Caledonia strain; 1.2 (95 per-
cent confidence interval, 0.9 to 1.6), P=0.32, for the
A/Panama strain; 1.0 (95 percent confidence in-
terval, 0.8 to 1.3), P=0.90, for the B/Johannesburg
strain; and 1.0 (95 percent confidence interval, 0.8
to 1.4), P=0.80, for the B/Victoria strain. However,
among the subjects who were over 65 years of age,
only the responses to the A/Panama strain (H3N2)
were significantly lower in the intradermal group

than in the intramuscular group (geometric mean
titer ratio, 1.7; 95 percent confidence interval, 1.0
to 3.0; P=0.03).

Eighty-eight percent of subjects in the intrader-
mal group who were 18 to 60 years of age had red-
ness at the injection site, 75 percent had induration,
and 52 percent had swelling, as compared with less
than 10 percent of those in the intramuscular group.
Older subjects also had higher rates of local inflam-
mation after intradermal injection than after intra-
muscular injection. Less than 10 percent of subjects
in either age group who underwent intramuscular
vaccination had signs of local inflammation. Intra-
dermal vaccination is believed to recruit antigen-
presenting cells and macrophages to the skin, and
the resulting inflammation may augment the im-
mune response. Future studies should examine cel-
lular responses to intradermal vaccination, since this
route may enhance cellular responses. Investiga-
tions into the nature of the local inflammatory re-
sponse should also be considered.

Serum antibody is believed to provide clinically
significant protection against influenza. In times of
vaccine shortage such as the present, intradermal
vaccination of healthy young persons with reduced-
dose inactivated influenza vaccine could be consid-
ered in order to stretch vaccine supplies. Health care
workers and contacts of infants younger than six
months old are two groups for which vaccination is
recommended, and our results indicate that this
approach should induce a sufficient antibody re-
sponse in the younger members of these groups.
Although the intradermal route is more difficult
to master and intradermal administration of triva-
lent inactivated vaccine is not approved for use in
the United States, once trained, personnel would be
expected to have a high rate of success using stan-
dard tuberculin syringes and needles to administer
influenza vaccine intradermally at a dose of 6 pg of

hemagglutinin per strain.
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