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To determine if newer influenza vaccines can safely improve seroprotection rates of older adults, we compared three
licensed trivalent inactivated vaccines (TIVs) in a randomized, controlled trial with evaluator blinding. Participants were
non-frail adults ≥ 65 y old, annually TIV-immunized. Study vaccines included intradermal (IDV), MF59-adjuvanted (ADV)
and subunit (TIV) formulations of equal potency and strain composition. Blood was obtained before vaccination (V1) and
21 (V2) and 180 d (V3) afterward and tested by hemagglutination inhibition (HAI) assay. Safety diaries were completed
daily by participants and specific tolerability questions were posed regarding injections and symptoms. In total, 911
participants were immunized and 887 (97.4%) completed V3. Groups had similar demographics. General symptom rates
post-vaccination were similar among groups. Rates of injection site redness after IDV/ADV/TIV were 75%/13%/13% and
rates of pain were 29%/38%/20%, respectively, but each vaccine was well tolerated, with symptoms causing little bother.
Baseline antibody titers did not differ significantly among groups but B/Brisbane titers were too high for meaningful
response assessments. At V2, seroprotection rates (HAI titer ≥ 40) were highest after ADV, the rate advantage over IDV and
TIV being significant at 11.8% and 11.4% for H3N2 and 10.2% and 12.5% for H1N1, respectively. At day 180, seroprotection
rates had declined ~25% and no longer differed significantly among groups. While IDV and TIV were also well tolerated,
ADV induced modestly higher antibody titers in seniors to influenza A strains at 3 weeks but not 6 months post-vaccination. Immune responses to IDV and TIV were similar in this population.

Introduction
Older adults suffer the greatest morbidity and mortality of any
age group from seasonal influenza infections.1 Age ≥ 65 y is itself
a risk factor for more severe disease, potentially synergizing with
other known risk factors such as chronic medical conditions,
frailty and group living situations.2 Severe outcomes in seniors
most often follow infection with A/H3N2 viruses.1 Although
seniors are recommended to receive trivalent inactivated (TIV)

vaccines annually, they respond sub-optimally because of progressive age-related deterioration of immune functions (immunosenescence).2-4 Consequently the international criteria5 for
acceptable immunogenicity of seasonal TIVs are lower for persons > 60 y of age.
Several TIV formulations have been modified in attempts to
improve protection of older adults. These include a high potency
formulation with 60 µg of each viral hemagglutinin per dose,6 an
MF59-adjuvanted vaccine7,8 and an intradermal formulation9,10
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Figure 1. Participation summary.

that seeks to engage the dermal immune system to advantage.
The latter 2 products were recently marketed in Canada for use
in seniors, causing public health officials to question whether
they offer sufficient added protection over the standard TIV vaccines supplied to seniors in public programs to warrant the higher
purchase costs. Additionally, differences in the safety profiles of
the new products might influence public acceptance positively or
negatively.
The MF59 adjuvanted TIV vaccine (ADV) was first licensed
in Italy in 1997 and has been widely used in Europe for annual
vaccination of seniors.7,8 The MF59 adjuvant consists of microdroplets of squalene oil suspended in aqueous solution by two
emulsifiers.7 A meta-analysis of 13 clinical trials8 involving 3,600
seniors immunized with adjuvanted or conventional TIV indicated that antibody geometric mean titers (GMT) were modestly
higher after ADV than TIV (GMT ratios 1.10 to 1.18 depending upon the viral antigen) but this effect was not evident in
every trial. However, the effectiveness of ADV in seniors has not
yet been determined in a controlled trial. A meta-analysis11 of
safety data from studies involving elderly vaccinees showed a 5%
increase in general symptoms and 10% increase in local reactions
(mainly pain) after ADV compared with TIV. Most symptoms
were mild and short-lived.11
The intradermal TIV vaccine (IDV) intended for seniors delivers 15 µg of hemagglutinin from each vaccine strain in a volume
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of ~100 µL into the upper dermal layer of skin.9 This is accomplished using a 30 gauge micro-needle attached to a pre-filled
syringe, designed to allow highly reproducible vaccine delivery.12
Comparisons of HAI titers following vaccination of seniors with
IDV or TIV have generally shown superior responses to IDV,9,10
with one study demonstrating non-inferiority of IDV to ADV.13
Intradermal vaccination is reportedly less painful than intramuscular vaccination,14 an appealing feature for the needle-averse.
However, IDV causes prominent local inflammation,9,10,13 with
erythema, swelling and pain reaching peak rates one day after
vaccination. Most of these local effects are mild and short-lived.
The purpose of this study was to compare 3 licensed, trivalent,
inactivated influenza vaccines (TIV, subunit; ADV, adjuvanted;
and IDV, intradermal) for adults 65 y of age and older for differences that could be relevant in public programs, including the
nature and frequency of adverse events, tolerability of the injection
itself and any subsequent adverse events, and immunogenicity both
in the short (21 d) and longer term (6 mo). Seniors who receive
annual influenza vaccination often develop progressively higher
antibody titers,15,16 a situation that can complicate assessment of
vaccine responses and potentially blunt differences between vaccine formulations. Nevertheless, we chose to recruit seniors with
a history of annual influenza vaccination because most (~70%) of
this age group receives TIV vaccine in Canada17 and any advantages of a new formulation would need to be evident in this context
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Table 1. Study participant demographics.
Parameter

IDV Group (%)

ADV Group (%)

TIV Group (%)

Total (%)

Immunized, total

303

301

307

911

Male

124 (40.9)

122 (40.5)

125 (40.7)

371 (40.7)

Female

179 (59.1)

179 (59.5)

182 (59.3)

540 (59.3)

Age, yr, mean

73.7

73.8

73.9

73.8

65–69

106 (35.0)

103 (34.2)

106 (34.5)

315 (34.6)

70–74

89 (29.4)

90 (29.9)

91 (29.6)

270 (29.6)

75+

108 (35.6)

108 (35.9)

110 (35.8)

326 (35.8)

Very fit/well

223 (73.6)

224 (74.4)

240 (78.2)

687 (75.4)

Well with co-morbidity

64 (21.1)

61 (20.3)

55 (17.9)

180 (19.8)

Vulnerable/mildly frail

16 (5.3)

16 (5.3)

12 (3.9)

44 (4.8)

Smoker*

19/284 (6.3)

4/297 (1.3)

15/292 (4.9)

38/873 (4.4)

Annual TIV

280 (92.4)

282 (93.7)

290 (94.5)

852 (93.5)

TIV both previous years

259 (85.5)

263 (87.4)

266 (86.6)

788 (86.5)

White/Caucasian

285 (94.1)

285 (94.7)

296 (96.4)

866 (95.1)

BMI, mean

27.5

27.2

27.1

27.2

Strenuous exercise

136 (44.9)

134 (44.5)

141 (45.9)

411 (45.1)

Probiotic use

87 (28.7)

75 (24.9)

80 (26.1)

242 (26.6)

None

25 (8.3)

33 (11.0)

21 (6.8)

79 (8.7)

1-3

177 (58.4)

162 (53.8)

187 (60.9)

526 (57.7)

Health condition

4-6

87 (28.7)

91 (30.2)

84 (27.4)

262 (28.8)

7-10

14 (4.6)

15 (5.0)

15 (4.9)

44 (4.8)

ñRisk for influenza†

170 (56.1)

172 (57.1)

160 (52.1)

502 (55.1)

Note: *Incomplete responses from some participants altered the denominators. Other than age ≥ 65 y.
†

to support program policy decisions. Other noteworthy features
of the study design included a focus on non-frail participants,
age- and sex-stratified central randomization, evaluator blinding
and use of 3 assays to assess immune responses to immunization,
including hemagglutination inhibition (HAI), single radial hemolysis (SRH) and microneutralization (MN) assays.

Results
Enrollment and immunization were completed as planned in
September and October, 2011, and 180 d follow-up visits were
completed by May, 2012. As detailed in Figure 1, 911 participants were immunized, 908 attended the second visit and 887
(97.4%) provided a blood sample at the final visit.
Participants
Participant demographics are summarized in Table 1. As
randomization was stratified by age and sex, study groups were
nearly identical in these respects. Other potential influences on
responses were present at similar frequencies in each study group,
with no statistically significant differences. By selection, all participants had received TIV within the previous 2 y (86.5% in
both years) and were not frail. Almost all were White/Caucasian
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and few were morbidly obese (BMI ≥ 40, 2.2%) or smoked cigarettes (4.4%). Nearly half reported having regular strenuous exercise and one-quarter ingested probiotics daily. Chronic health
conditions were commonly present, averaging 2.9 conditions
per participant. Conditions predisposing to an increased risk of
influenza complications (other than age ≥ 65) were present in
55% of subjects and were similarly distributed among the study
groups (Table 1). Risk conditions for influenza were mainly cardiac (present in 11.3%), pulmonary (12.1%), diabetes mellitus
(13.0%) and other endocrine disorders (15.4%). Other common
conditions expected in this age group included musculoskeletal
(in 48.2%), vascular (46.2%), elevated cholesterol (27.1%) and
gastrointestinal (23.5%) disorders, also similarly distributed
among study groups (data not shown).
Adverse events, systemic
On the day prior to vaccination, about one-third of participants recalled having one or more of the solicited symptoms
(Table 2), mainly arthralgia (in 20.4%), myalgia (13.2%), sleep
disturbance (12.2%) and tiredness (11.5%). Baseline, peak (days
0–2) and cumulative (days 0–6) rates did not differ significantly
among the vaccine groups for any specific systemic symptom.
Reported rates of arthralgia and sleep disturbance did not increase
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Table 2. Reported systemic adverse events prior to and following Influenza immunization
Symptom

Vaccine group (N)

Baseline*(%)

Days 0–2 (%)

Days 0–6 (%) [95% CI]

p value 1

General, any

IDV (303)

101 (33.3)

109 (36.0)

132 (43.6) [38.1, 49.2]

0.0096

ADV (301)

118 (39.2)

106 (35.2)

120 (39.9) [34.5, 45.5]

0.87

TIV (307)

110 (35.8)

105 (34.2)

121 (39.4) [34.1, 45.0]

0.36

p value 2

0.32

0.90

0.52

IDV (303)

32 (10.6)

56 (18.5)

69 (22.8) [18.4, 27.8]

< 0.0001

ADV (301)

47 (15.6)

71 (23.6)

78 (25.9) [21.3, 31.1)

0.0018

TIV (307)

41 (13.4)

51 (16.6)

58 (18.9) [14.9, 23.6]

0.06

p value 2

0.18

0.08

0.12

IDV (303)

52 (17.2)

36 (11.9)

43 (14.2) [10.7,18.6]

0.32

ADV (301)

66 (21.9)

34 (11.3)

38 (12.6) [ 9.3, 16.9]

0.0025

TIV (307)

68 (22.1)

29 (9.4)

34 (11.1) [ 8.0, 15.1]

0.0002

p value 2

0.23

0.60

0.51

IDV (303)

28 (9.2)

60 (19.8)

72 (23.8) [19.3, 28.9]

< 0.0001

ADV (301)

35 (11.6)

46 (15.3)

56 (18.6) [14.6, 23.4]

0.017

TIV (307)

42 (13.7)

54 (17.6)

65 (21.2) [17.0, 26.1]

0.014

p value 2

0.23

0.34

0.30

IDV (303)

4 (1.3)

35 (11.6)

49 (16.2) [12.5, 20.7]

< 0.0001

ADV (301)

4 (1.3)

22 (7.3)

33 (11.0) [ 7.9, 15.0]

< 0.0001

TIV (307)

6 (2.0)

22 (7.2)

35 (11.4) [ 8.3, 15.4]

< 0.0001

p value 2

0.84*

0.09

0.10

IDV (303)

9 (3.0)

33 (10.9)

44 (14.5) [11.0, 18.9]

< 0.0001

ADV (301)

13 (4.3)

23 (7.6)

29 (9.6) [ 6.8, 13.5]

0.011

TIV (307)

4 (1.3)

23 (7.5)

35 (11.4) [ 8.3, 15.4]

< 0.001

p value 2

0.06*

0.24

0.17

Sleep

IDV (303)

32 (10.6)

16 (5.3)

24 (7.9) [ 5.4, 11.5]

0.2618

Disturbance

ADV (301)

40 (13.3)

17 (5.6)

25 (8.3) [ 5.7, 12.0]

0.0488

TIV (307)

39 (12.7)

15 (4.9)

22 (7.2) [ 4.8, 10.6]

0.0218

p value 2

0.56

0.92

0.87

Myalgia

Arthralgia

Tiredness

Malaise

Headache

Note: *Baseline symptoms were recalled from the day before enrolment. P value 1, for rate comparisons days 0–6 vs baseline. P value 2, rate comparisons
among 3 vaccine groups. *Fisher’s Exact Test.

significantly over baseline following vaccination, but rates of
myalgia, malaise, tiredness and headache increased in each vaccine group (Table 2). Following vaccination, rates were low in all
groups for nausea (2.9–4.0% across groups, days 0–6), vomiting (0.7–1.6%), diarrhea (2.3–4.6%), shivering (2.0–3.3%) and
sweating (3.7–7.6%). Fever was detected in only 2–5 subjects per
group (0.7–1.7%) with only two participants reporting fever ≥
39.5°C, both within two days after IDV.
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Among symptoms graded for severity by participants, most
were mild or moderate. Severe symptoms were uncommonly
reported by all groups during the week after vaccination: myalgia 1.0–2.6% of participants, arthralgia 0.3–1.7%, malaise
1.7–2.0%, and tiredness 1.7–2.7%. None of these events led to
withdrawal of participation. Eight SAEs occurred between visits
1 and 2 (IDV- 4, ADV- 3, TIV- 1), each considered unrelated to
immunization. They included trauma (1), cardiorespiratory (2)
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Table 3. Injection site reactions following Influenza vaccines.
Observation

Vaccine (N)

Days 0–2 (%)

Days 3–6 (%)

Days 0–6 (%)

P value*

Redness

IDV (303)

227 (74.9)

180 (59.4)

231 (76.2)

IDV vs others, p < 0.0001

ADV (301)

38 (12.6)

6 (2.0)

39 (13.0)

ADV vs TIV, p = 0.926

TIV (307)

39 (12.7)

12 (3.9)

39 (12.7)

IDV (303)

148 (48.8)

77 (25.2)

149 (49.2)

IDV vs others, p < 0.0001

ADV (301)

36 (12.0)

6 (2.0)

36 (12.0)

ADV vs TIV, p = 0.013

TIV (307)

19 (6.2)

2 (0.7)

19 (6.2)

IDV (303)

139 (45.9)

71 (23.4)

141 (46.5)

IDV vs others, p < 0.0001

ADV (301)

24 (8.0)

6 (2.0)

24 (8.0)

ADV vs TIV, p = 0.082

TIV (307)

14 (4.6)

2 (0.7)

14 (4.6)

IDV (303)

88 (29.0)

28 (9.2)

90 (29.7)

ADV vs others, p < 0.0001

ADV (301)

114 (37.9)

8 (2.7)

114 (37.9)

IDV vs TIV, p = 0.015

TIV (307)

63 (20.5)

10 (3.3)

64 (20.8)

IDV (303)

58 (19.1)

28 (9.2)

63 (20.8)

IDV vs others, p < 0.0001

ADV (301)

6 (2.0)

4 (1.3)

9 (3.0)

ADV vs TIV, p = 0.292

TIV (307)

3 (1.0)

2 (0.7)

5 (1.6)

Swelling

Induration/lump

Pain

Itchiness

Note: * P value for vaccine group comparisons, days 0–6.

and vascular (2) conditions and unplanned surgery (3). Three
of these events led to withdrawal of participation before visit
2. Between days 21 and 180, 37 SAEs were reported (IDV- 13,
ADV- 12, TIV- 12), none of which related to prior immunization. Three events resulted in death (trauma-1, cardiopulmonary
disease-2). SAEs included musculoskeletal (5), cardiopulmonary
(14), vascular (2), gastrointestinal (9), neoplastic (5) and other
(2) conditions expected among seniors.
Adverse events, injection site
As anticipated, injection site redness more often followed
administration of IDV than ADV or TIV (Table 3). Onset was
typically later in the day after IDV immunization with the peak
rate reached next day. Most instances were ≤ 50 mm diameter
(Fig. 2). Resolution after IDV was relatively slow, with about half
of those affected still reporting some redness 6 d after vaccination (Fig. 2). IDV recipients were also most likely to report injection site swelling, induration/lump and itchiness. IDV accounted
for most reports of itchiness, with a peak rate of 12.9% reached
on day 2 after vaccination. Of those affected, 10% still reported
itchiness on day 6 after IDV vaccination.
ADV was the most frequent cause of injection site pain
(Table 3), followed by IDV then TIV. Only a single instance
of severe pain was reported, following IDV. Pain severity ratings on day 1 (peak) after vaccination (mild/moderate/severe,
as percentage of subjects affected) were: ADV (25.9/4/0), IDV
(15.5/1.3/0.3) and TIV (13.4/1.0/0). Most instances of pain
resolved within 2 d after vaccination. ADV and TIV were alike
as infrequent causes of redness, induration or itchiness (Table 3).
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Vaccine tolerability assessment
Tolerability questionnaires were completed by 911 participants shortly after vaccination and by 908 a week later. Ninety
percent of participants said they were “not at all anxious” about
the procedure and 9% were “a little anxious” about it, with no
differences among the study groups. Pain or discomfort during the actual injection was acknowledged after all 3 vaccines
(IDV 31.4%, ADV 27.9%, TIV 22.5%, p = 0.05) but almost
all affected individuals said they were “not at all” or only “a
little” bothered by injection-related pain (IDV group 92.6%,
ADV group 94%, TIV group 97.1%, p = 0.32). Given the same
experience next year, 91–93% said they would definitely accept
vaccination again. Likewise, almost 90% stated no preference
between the study vaccine they received and past TIV vaccines.
A week after vaccination, over 70% continued to state no
preference between the study vaccine they received and past TIV
vaccines. Overall, TIV recipients had the least discomfort during
vaccination and the highest preference rate to receive the same
vaccine again next year. Most participants who had a local reaction indicated that they were “not at all bothered” or “a little
bothered” regardless of the vaccine administered (IDV 95.9%,
ADV 92.5%, TIV 100%, p = 0.11). High tolerability rates were
also reported by those who experienced systemic symptoms (IDV
78.0%, ADV 88.9%, TIV 77.1%, p = 0.016). Given the same
experience, 87–88% of participants said they would definitely
get vaccinated again next year and 88–95% would definitely or
probably recommend the vaccine they had received to a close
friend or relative.

Human Vaccines & Immunotherapeutics

Volume 9 Issue 11

Figure 2. Frequency and diameter of erythema at IDV injection sites at intervals following immunization.

In response to attitudinal questions asked during the day 7
interview, over 80% of participants said they would rather endure
more injection-related pain (85.5%) or more frequent, painful
local reactions (82.3%) if that led to superior protection against
influenza. Responses did not differ among the study groups.
Immunogenicity assessments
As Figure 1 indicates, paired sera obtained pre-vaccination
and 21 d later were available from 905 of 911 vaccinees (99.3%)
and were of sufficient volume for almost all of the intended HAI
and SRH assays. At visit 3 (day 180) sera for HAI testing were
obtained from 887 participants (97.4% of those immunized), of
which all but 10 (2–5 per group) were obtained per protocol.
As delays in obtaining samples were < 14 d beyond window, all
available samples were included in the modified intention-totreat analysis.
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Baseline antibody measures did not differ significantly among
the study groups for any of the viral strains, whether by HAI,
SRH or MN assay (Tables 4, 5 and 6). Baseline titers against B/
Brisbane were very high in each study group, precluding meaningful response assessments. Seroprotection rates 21 d after immunization are shown in Figure 3. For H1N1, seroprotection rates
were significantly higher after ADV than the other vaccines when
measured by HAI but not by SRH. Specifically, HAI-determined
H1N1 seroprotection rate differences for ADV-IDV were 10.2
(95%CI 4.7,15.8) and for ADV-TIV were 12.5 (95%CI 6.9,
18.2). For H3N2, seroprotection rates were significantly higher
after ADV than the other vaccines by both assays, while rates did
not differ significantly between IDV and TIV. Specifically, HAIdetermined H3N2 seroprotection rate differences for ADV-IDV
were 11.8 (95% CI 5.7,17.9) and for ADV-TIV were 11.4 (95%
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Table 4. Comparison of immune responses to study vaccines at day 21 post-vaccination: HAI Assay.
Parameter

IDV (%)

ADV (%)

TIV (%)

H1N1 virus

P value
3-way

IDV vs ADV

ADV vs TIV

IDV vs TIV

†

Pre-vaccination
Titer ≥ 40

138/298 (46.3)

125/295 (42.4)

126/304 (41.4)

0.444

_

_

_

GMT [95% CI]

30.0 [26.5, 34.0]

30.0 [26.5, 34.0]

29.1 [25.7, 33.0]

0.930

_

_

_

Titer ≥ 40

243/300 (81.0)

270/296 (91.2)

240/305 (78.7)

_

< 0.0005

< 0.0005

0.479

Titer ≥ 160

117/300 (39.0)

141/296 (47.6)

109/305 (35.7)

_

0.033

0.003

0.407

Seroconversion

115/295 (39.0)

144/291 (49.5)

110/303 (36.3)

_

0.01

0.001

0.499

GMT [95% CI]

85.3 [74.6, 97.4]

113.4 [100.2,
128.3]

79.7 [70.1, 90.6]

_

0.0014

< 0.0001

0.429

GMFR* [95% CI]

3.12 [2.9, 3.5]

4.2 [3.7, 4.8]

2.73 [2.5, 3.0]

_

0.0006

< 0.001

0.547

Post-vaccination

H3N2 virus
Pre-vaccination
Titer ≥ 40

128/302 (42.4)

133/298 (44.6)

152/305 (49.8)

0.167

_

_

_

GMT [95% CI]

25.3 [21.9, 29.1]

29.7 [25.6, 34.5]

30.3 [26.4, 34.7]

0.152

_

_

_

Titer ≥ 40

229/301 (76.1)

261/297 (87.9)

234/306 (76.5)

_

< 0.0003

0.0003

0.91

Titer ≥ 160

92/301 (30.6)

129/297 (43.4)

100/306 (32.7)

_

0.001

0.0065

0.573

Seroconversion

106/300 (35.3)

132/295 (44.7)

75/304 (24.7)

_

0.019

< 0.0001

0.004

GMT [95% CI]

69.6 [60.7, 79.8]

101.4 {89.1,
115.3]

70.1 [61.3, 80.2]

_

< 0.0001

0.0001

0.935

GMFR* [95% CI]

2.76 [2.5, 3.1}

3.43 [3.1, 3.8]

2.31 [2.1, 2.5]

_

0.007

< 0.0001

0.015

Post-vaccination

B/Brisbane virus
Pre-vaccination
Titer ≥ 40

290/302 (96.0)

281/296 (94.9)

290/303 (95.7)

0.800

_

_

_

GMT [95% CI]

165.8 [147.8,
185.9]

152.3 [136.2,
170.4]

154.1 [138.5,
171.4]

0.515

_

_

_

Post-vaccination
Titer ≥ 40

294/299 (98.3)

289/293 (98.6)

302/306 (98.7)

0.891

_

_

_

Titer ≥ 160

234/299 (78.3)

222/293 (75.8)

232/306 (75.8)

0.666

_

_

_

Seroconversion

47/298 (15.8)

48/289 (16.6)

33/302 (10.9)

0.103

_

_

_

GMT [95% CI]

271.1 [242, 303]

239.8 [215, 267]

221.2 [200, 245]

0.029

0.119

0.288

0.008

GMFR* [95% CI]

1.64 [1.5, 1.8]

1.58 [1.5, 1.7]

1.42 [1.3, 1.5]

0.024

0.607

0.051

0.009

GMFR, fold rise in GMT. Paired comparison values are presented only if 3-way comparison identified potentially significant differences.
†

CI 5.5, 17.4). In the MN assay, titers ≥ 40 to H3N2 were achieved
more frequently after ADV than the other vaccines
GMTs following immunization were highest after ADV for
both A viruses. GMT ratios for ADV/IDV determined by HAI
were 1.34 (95% CI 1.08, 1.66) for H1N1 and 1.46 (95% CI 1.16,
1.83) for H3N2 while ratios for ADV/TIV were 1.44 (95% CI
1.16, 1.79) and 1.45 (95% CI 1.25, 2.81), respectively. GMT
ratios for ADV/IDV determined by SRH assay were 1.11 (95%
CI 0.99, 1.25) for H1N1 and 1.21 (95% CI 1.07, 1.38) for H3N2
responses. Corresponding ratios for ADV/TIV were 1.12 (95%
CI 1.00, 1.26) for H1N1 and 1.26 (95%CI 1.11, 1.43) for H3N2
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responses. IDV/TIV ratios did not differ significantly for the A
viruses by either assay.
Seroprotection rates 21 d after immunization were higher for
women than men after all 3 vaccines for H3N2 virus but only
after ADV for H1N1 virus (data not shown). Seroprotection rates
did not differ by age group, presence or number of health conditions (0–2 vs ≥ 3), BMI above or below the group mean of
27.2, with regular strenuous exercise or daily probiotic use, with
any of the vaccines (data not shown). When observed responses
were compared with international criteria for seniors, all 3 vaccines met the seroprotection rate criterion (> 60%) for each virus,
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Table 5. Comparison of immune responses to study vaccines at day 21 post-vaccination:
SRH assay
Parameter

IDV (%)

ADV (%)

TIV (%)

P value
IDV vs
ADV

H1N1 virus

ADV
vs TIV

IDV vs
TIV

Pre-vaccination
Seroprotection

183/287
(63.8)

162/291
(55.7)

200/299
(66.9)

0.015#

0.015 #

ns

Post-vaccination
Seroprotection

267/296
(90.2)

273/292
(93.5)

275/303
(90.8)

ns

ns

ns

Seroconversion

110/281
(39.1)

131/285
(46.0)

98/296
(33.1)

0.101

0.0015

0.131

GMT [95% CI]

47.4 [44.2,
50.8]

52.6 [49.3,
56.2]

46.9 [43.6,
50.3]

0.09

0.0497

0.9692

Residual titers measured at Day 180 following immunization are shown in Figure 3, when
seroprotection rates by HAI differed minimally
among the vaccine groups and had declined by
21.3- 25.6% vs. H1N1 and 17.4–26.7% vs. H3N2
from the values observed at Day 21. Rate declines
for B/Brisbane were < 3% (data not shown).
GMTs against the A viruses declined by about half
to day 180, with the residual values ranging from
39.0 (TIV)-47.4 (ADV) for H1N1 and from 35.1
(IDV)-44.3 (ADV) for H3N2. GMTs against B/
Brisbane declined 30% on average, with residual
values between 158 (TIV) and 196 (IDV).

Discussion

This study is notable for directly comparing 3
influenza vaccines in older adults, whereas previous studies typically compared a new vaccine to
H3N2 virus
TIV8,10,11,18 or new vaccines to each other.13 This
Pre-vaccination
study benefitted from a high degree of similarity
143/287
152/291
165/299
among the study groups, effectively controlling for
Seroprotection
ns
ns
ns
(49.8)
(52.2)
(55.2)
a range of potential influences on responses to vacPost-vaccination
cination including age,19 sex, prior influenza vaccination,15,16 frailty,20 chronic health conditions,
240/296
265/292
241/303
≤
≤
Seroprotection
ns
(81.1)
(90.8)
(79.5)
0.0003
0.0003
obesity,21 moderate exercise22 and probiotic use.23
Similarity of baseline antibody titers among the
124/281
155/285
96/296
<
Seroconversion
0.015
0.004
(44.2)
(54.4)
(32.4)
0.0001
study groups avoided the need for adjustment of
observed responses.24
36.4 [33.7,
44.1 [41.4, 35.0 [32.3,
<
GMT [95% CI]
0.001
0.7606
Baseline antibody titers to B/Brisbane were
39.3]
47.0]
38.0]
0.0001
much higher in this study (e.g., GMT 157.4) than
1.86 [1.7,
2.15 [1.96,
1.62 [1.5,
<
GMFR [95% CI]
0.018
0.012
in recent studies in seniors by Chi et al.25(GMT
2.0]
2.34]
1.74]
0.0001
10.8) and Falsey et al.6 (GMT 19.0). Although
B/Brisbane virus
most participants in the latter studies had received
Pre-vaccination
influenza vaccination in the previous season, only
251/287
240/291
259/299
those studied by Chi et al. had received the same B
Seroprotection
ns
ns
ns
(87.5)
(82.5)
(86.6)
strain later used to measure baseline titers whereas
Post-vaccination
those studied by Falsey et al. experienced a lineage
change between years, limiting cross-protection.
288/296
282/292
287/303
Seroprotection
ns
ns
ns
In contrast, most subjects in the present study had
(97.3)
(96.6)
(94.7)
received the study vaccine strain in both pre-study
83/281
94/285
68/296
Seroconversion
0.377
0.007
0.073
years and, as annual vaccine recipients, could have
(29.5)
(33.0)
(23.0)
received B/Victoria lineage strains in 4 of 5 pre67.8 [63.9,
63.9 [60.2, 62.3 [58.5,
GMT [95% CI]
0.3763
0.8388 0.1353
study years. As others have reported,15,16,24 repeated
71.9]
67.8]
66.5]
vaccination of seniors with the same or similar
1.38 [1.3,
1.51 [1.4,
1.32 [1.25,
GMFR [95% CI]
0.032
0.001
0.252
antigens causes titers to approach maximal lev1.45]
1.6]
1.38]
els. Our observations of high baseline B/Brisbane
ns, not significant; # 2x3 Chi square test.
titers and limited further responses to vaccination
are consistent with this phenomenon, although
by both assays. By HAI, none met the seroconversion or GM subjects had also received A/H1N1/California/2009 antigen in
fold increase criteria for B/Brisbane because of the high baseline both pre-study years without a similar increase in baseline titers.
values whereas all 3 vaccines met these criteria for the A viruses Use of ether-treated B virus in the HAI assay may have contrib(except TIV, which fell short of the seroconversion criterion for uted to the high baseline titers as ether treatment increases the
H3N2). By SRH assay, the GM fold increase criterion (>2) was sensitivity of the assay for B viruses but baseline titers were also
not met for any virus after IDV or TIV vaccines but it was met elevated by SRH assay that used inactivated B virus. A definitive
for the A viruses after ADV.
explanation for the high baseline titers will require further study;
GMFR [95% CI]

1.76 [1.62,
1.92]
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2.27 [2.0,
2.3]

1.71 [1.51,
1.86]

0.0004

<
0.0001

0.626
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Table 6. Microneutralization titers to H3N2 virus at day 21–28 following vaccination: Groups of 100
Parameter

IDV %

ADV %

TIV %

P value
3-way

IDV vs ADV

ADV vs TIV

IDV vs TIV

Pre-immunization
Titer ≥ 40

35

38

44

0.414

_

_

_

GMT [95% CI]

20.9 [15.7, 27.8]

23.6 [17.6, 31.7]

24.4 [18.1, 33.0]

0.052

_

_

_

Titer ≥ 40

67

84

74

-

0.008

0.031

0.352

Titer ≥ 160

30

46

42

-

0.029

0.669

0.105

Seroconversion

34

54

35

-

0.002

0.010

1.00

GMT [95% CI]

65.9 [49.2, 88.2]

105.6 [81.4,
136.9]

73.4 [54.5, 98.8]

-

0.018

0.069

0.609

GMFR* [95% CI]

3.15 [2.5, 3.9]

4.47 [3.5, 5.7]

3.00 [2.4, 3.8]

-

0.035

0.019

0.763

Post-immunization

Note: * GMFR, fold rise in GMT.

they precluded meaningful comparison of responses to the study
vaccines.
The results of this study confirm previous reports (reviewed
in8) that the adjuvanted vaccine (ADV) is more immunogenic
against the influenza A vaccine strains than the non-adjuvanted
TIV on which it is based.26 The apparent advantage of ADV
over TIV was evident in terms of higher rates of seroprotection
(HAI titers ≥ 40) and higher GMTs, measured 21 d after vaccination. Titers ≥ 160 were also seen more often after ADV than
TIV and are reportedly more predictive of protection than the
standard threshold.27-29 While statistically significant, the differences in seroprotection rates and GMT ratios after ADV or TIV
were of modest magnitude. Baseline titers of the annually immunized study participants were moderately high, which might have
reduced potential differences in responses to both vaccines. In
published comparisons of ADV and TIV in seniors,8 the seroprotection rate advantages after ADV were of similar magnitude to
our observations but were variably present and differed among
vaccine strains, likely reflecting differences among the studies in
participant selection, annual vaccine strains, TIV formulations
and antibody assays. In the present study, the seroprotection
rate advantage after ADV was evident with both HAI and SRH
assay data for H3N2 antigen but only with HAI data for the
H1N1 antigen. Microneutralization titers vs. H3N2 were highest
after ADV but the differences between vaccines did not reach
statistical significance possibly because of the smaller populations tested. The 3 assays generally yield titers of similar magnitude.30-32 Whether the modestly greater seroprotection rates
after ADV result in greater protection against infection is not yet
certain. A modeling exercise using Canadian data for influenza
infections projected that even small increases in vaccine effectiveness with ADV over TIV would be cost-effective.33 An observational study in elderly adults in Northern Italy34 reported a
lower rate of influenza-like illness or pneumonia after ADV relative to TIV but only after multiple data adjustments, which were
open to criticism.35 A recent comparison of TIV vaccines36 with
and without AS03 adjuvant (also squalene-based, like ADV) in
elderly people indicated modestly greater relative efficacy (17%)
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of the adjuvanted vaccine vs. laboratory confirmed influenza A in
one of two seasons studied.
In the present study, intradermal vaccine (IDV) and TIV
were alike in terms of seroprotection rates and GMTs to H1N1
and H3N2 antigens. To B/Brisbane, IDV recipients had a higher
post-immunization GMT compared with TIV recipients but this
observation was confounded by the high pre-immunization titers
in both groups. A recent meta-analysis37 of 4 trials that compared immunogenicity of IDV15 and TIV in seniors concluded
that no substantial differences were evident in seroprotection rate
ratios or GMT ratios with A or B virus antigens. Van Damme et
al.13 reported non-inferior immune responses in adults ≥ 65 y of
age after IDV compared with ADV with all 3 vaccine antigens
based on SRH assay data. Using the same arbitrary definition of
non-inferiority (upper bound of the 95% confidence interval for
the GMT ratio of ADV:IDV < 1.5), our findings are similar for
responses to all 3 vaccine antigens as assessed by SRH. However,
HAI responses to the A virus antigens did not meet the non-inferiority criteria for IDV relative to ADV. Non-inferiority means
that selected response measures for two products fall within a
pre-set range of acceptable difference, even though the actual
response measures may be significantly different by another statistical test.
Six months after vaccination, seroprotective titers to the A
viruses were still present in over half of the participants and to
B/Brisbane in over 95%. Residual seroprotection rates to the A
viruses did not differ significantly among the study groups but
only ADV recipients had rates > 60% for each virus, meeting
international immunogenicity criteria.5 Few other studies of ADV
have included extended follow-up serology but Ruf et al.38 also
reported no advantage in seroprotection rates for ADV over TIV,
4 and 8 mo after vaccination of German seniors. The tendency
for protective titers to persist for 6 mo and longer after TIV in
elderly adults was highlighted in a recent literature review39 and is
important for season-long protection against influenza infection.
Safety of the study vaccines was thoroughly assessed and
took into consideration pre-existing symptoms common among
seniors such as tiredness and joint aches, the rates of which were
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similar among the groups. Bias was minimized by ensuring that
vaccine identity was masked from participants and subsequent
interviewers. Participants did not witness the injection, the sensation of which turned out not to differ appreciably among the
vaccines (see below). Compliance of subjects with requested
symptom recording and reporting approached 100%. Reported
rates of general solicited symptoms following vaccination did
not differ significantly among the study groups and were typical of this TIV vaccine.26 Published meta-analyses indicated the
potential for 5% higher general symptom rates with ADV11 and
equivalent rates with IDV,37 compared with TIV. Group sizes in
this study were not large enough to detect differences of small
magnitude (< 12%).
The nature and rate of injection site reactions differed substantially among vaccine groups. Among IDV recipients, local
inflammation was prominent, as previously reported.9,10,13 Most
IDV vaccinees (76%) developed local erythema shortly after
vaccination, which reached up to 80 mm peak size next day.
Resolution was relatively slow, with half of the affected subjects
(one-third of vaccinees) still reporting some redness at the day
7 interview. Swelling, pain and itching were common accompaniments to erythema, as previously reported.9,10,13 Among ADV
recipients, pain was the most frequent injection site complaint
(in 38%), with lesser rates of redness or swelling, consistent with
other reports (reviewed11). Injection site reactions were least frequently reported by TIV recipients (Table 3).
In all groups, adverse events following immunization were
generally mild and short-lived. Changes sufficient to limit daily
activities or to require medical attention were infrequent (< 3%)
in all groups. No serious adverse events were attributed to vaccination. Participants’ responses to the tolerability questionnaires
indicated that both the vaccine injection discomfort and any subsequent adverse effects were readily tolerable, posing little or no
bother. Pain accompanied vaccine injections at similar rates with
all 3 products. This was a surprising observation with IDV as the
manufacturer’s promotional material40 describes it as a “painless
injection,” citing data from 3 trials in which 89% of participants ≥
60 y of age said they had “no or hardly any pain” at the time of the
injection. The discrepancy might reflect differences in categorizing
minimal pain ratings given by participants in the previous and current studies. Given the same experience with future vaccination,
participants indicated little reluctance to receive the same type of
vaccine again or preference to receive TIV as in the recent past.
This study had several limitations. The observations may
not apply to seniors excluded from participating, such as those
who are frail, immunocompromised or living in care facilities.
However, the study population was chosen to reflect the majority
of the Canadian population age ≥ 65, over 70% of whom receive
annual influenza vaccination.17 The new vaccines might elicit
stronger immune responses in seniors who are more vaccine-naïve
than participants in this trial as repeated annual vaccination is
known to limit response capacity as measured by routine serologic assays.15,16 We cannot be certain that the identity of assigned
vaccines was not observed or surmised by some participants,
introducing ascertainment bias, but injection-related discomfort
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Figure 3. Seroprotection rates and 95% confidence intervals measured
by HAI and SRH assays 21 and 180 d following immunization, for H1N1
and H3N2 antigens.

was reported as often after intradermal as intramuscular injections. Individuals with less experience with TIV might be less
accepting of minor adverse events than were study participants.
The TIV vaccine used in this study is a subunit formulation that
might be less immunogenic than split vaccines. If so, ADV may
offer less advantage when compared with split vaccines. The
somewhat greater antibody responses to ADV might not translate into greater protection as subunit vaccines potentially induce
lesser cellular immune responses.41 Neutralizing antibody assays
would ideally have been performed with all 3 viruses and might
have shed light on the elevated baseline B titers. Finally, we recognize that the seroprotection threshold (HAI titers ≥ 40) conventionally used to evaluate responses may not accurately predict
protection in elderly adults, with greater antibody titers and cellular immune responses being required for protection.2-4,29

Participants and Methods/Materials
Study design
This was a prospective, randomized, controlled, evaluatorblinded, parallel groups study of 3 licensed seasonal influenza
vaccines for older adults. Eight Canadian centers enrolled and
followed participants, between September 2011 and May 2012.
The institutional research review board at each center provided
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ethics approval. The study was registered at clinicaltrials.
gov (NCT 01368796) and conducted in accordance with the
Code of Ethics of the World Medical Association (Declaration
of Helsinki) and Good Clinical Practice Guidelines of the
International Committee on Harmonization.
Study participants
Eligible participants were ambulatory seniors ≥ 65 y of age, in
good health or with stable health conditions. Volunteers could
be living in the community or in facilities providing minimal
living assistance. Participants had to have received TIV in one or
both of the previous two seasons. Excluded were individuals who
met a definition of frailty,42 specifically those needing help with
activities of daily living or wholly dependent on others for such
activities or terminally ill. Also excluded were those who had a
contraindication to receiving influenza vaccine, were unable to
provide informed consent or be attentive to required symptom
documentation, were immunocompromised for any reason, had
an unstable condition likely to require hospitalization during
the study, had received blood or blood products within 3 mo,
were unable to attend study clinics or would not be available
for the scheduled follow-up visits. Each subject provided written informed consent at the time of enrollment. Volunteers were
identified through various community-based activities, centers
and organizations.
Information provided by participants upon enrollment
included age, ethnicity, body weight and height, previous influenza immunizations, current medical conditions and prescribed
medications, smoking history, probiotic use and weekly exercise
pattern.
Study vaccines and immunizations
Single commercial lots of three TIVs for 2011–2012 were
obtained: an intradermal formulation (Intanza 15, Sanofi
Pasteur, lot #H8187-1) (IDV), a subunit vaccine (Agriflu,
Novartis Vaccines, lot # 112104)(TIV) and a formulation of the
subunit vaccine with MF59 (squalene) adjuvant (Fluad, Novartis
Vaccines, lot #117703)(ADV). Each formulation delivered 15 µg
of hemagglutinin of each component strain per dose. Each vaccine was approved for use in adults ≥ 65 y of age. The constituent strains as recommended by WHO for 2011–2012 were A/
California/7/2009 (H1N1)-like, A/Perth/16/2009 (H3N2)-like
and B/Brisbane/60/2008.43 Each product was supplied in prefilled syringes. Vaccines were stored and transported at 2–8°C,
avoiding freezing.
All injections were given in the deltoid area. A 1” safety needle was used for IM injections. With IDV, the supplied device
included a micro-needle for intradermal injection.
Study procedures
Following enrollment, participants were centrally (electronically) randomized to receive one of TIV, IDV or ADV vaccine,
in 1:1:1 ratio. Assignments were arranged in balanced blocks
of 6, determined by computer-generated random number lists,
with stratification by sex and age (65–69, 70–74, 75 + years). The
secure, web-based randomization service was available around
the clock. After eligibility was verified and a blood sample was
obtained, the assigned vaccine was administered by a nonblinded nurse who had no role in subsequent evaluations. The

2470

identity of the administered vaccine was carefully masked from
the recipient, who looked away while the vaccine was administered. Investigators and all other study personnel remained
blinded to vaccine assignments until the analysis of data to V2
was completed.
Following immunization, participants were observed for 15
min for any immediate adverse events. During this time participants completed Part 1 of an immunization tolerability
questionnaire based on the Vaccinees’ Perception of Injection
questionnaire (adapted from ref. 14) and were instructed regarding subsequent safety monitoring procedures including use of the
electronic thermometer and measuring device provided to them.
Subsequent visits were scheduled for 21 d (window 20–28 d) and
180 d (window 166–210 d) following immunization, for additional blood samples and safety observations. Exclusion criteria
for the Day 180 visit included receipt within 3 mo of a blood
product, immunocompromise and inability to attend the study
clinic because of deteriorated health or admission to a care facility.
Safety observation procedures
Participants were first asked to record any symptoms recalled
from the day prior to vaccination (referred to as baseline) and
then any adverse health events they experienced during Days 0–6
after vaccination, using a daily study diary. On the 7th day after
vaccination subjects were contacted by telephone and questioned
about any local or general adverse events they had recorded.
Solicited local adverse effects included pain, redness, swelling,
induration/nodule and itching, while solicited general adverse
events included, malaise, myalgia, arthralgia and tiredness. The
severity of these events was graded by subjects according to a rating scale on the diary, with severe symptoms precluding normal
daily activities and/or requiring medical attention. Other general symptoms solicited but not severity graded included sleep
disturbance, headache, diarrhea, nausea, vomiting, shivering and
sweating. Unsolicited symptoms could also be reported. Part 2 of
the tolerability questionnaire was administered, posing questions
covering the week-long experience after vaccination. This version
repeated some specific questions from Part 1 about tolerability of
any adverse experiences.
During Days 7–21 after vaccination, participants were asked to
record only health events that required medical attention and/or
precluded normal daily activities. Serious adverse events (SAEs)
were documented and promptly reported to the study manager
throughout the study, with a final check on ascertainment made
at the Day 180 visit.
Serologic tests
Blood samples (8–10 mL) were collected on Days 0, 21 and
180 from all available subjects. Samples were processed promptly
and sera divided into multiple code-labeled aliquots before storage at or below -20°C. Following completion of all Day 21 visits, paired samples were shipped frozen for concurrent testing at
participating laboratories. Samples from Day 180 were shipped
later to the same laboratories, where test standardization was confirmed by retesting duplicate serum aliquots from Day 21. All
assays were done in duplicate, with the geometric mean sample
value used in the analyses. Hemagglutination inhibition (HAI)
assays for antibodies to individual vaccine viruses were conducted
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at separate laboratories (in Winnipeg-B assays, Montreal-H1N1
assays and Halifax - H3N2 assays) using cross-validated methods
based on the WHO recommended procedure.44 All samples were
tested by HAI, using live A viruses and ether-treated B virus.
Test strains were equivalent to those included in the vaccines.
Microneutralization (MN) assays were performed for the target
H3N2 virus in 100 randomly selected subjects per vaccine group,
on samples from days 0 and 21. Microneutralization was determined using serial 2-fold dilutions of heat-inactivated sera according to a modified WHO protocol.45 Briefly, MDCK monolayers
were seeded in 96 well plates using MegaVir serum free media
(Hyclone—Thermo Fisher Scientific) supplemented with gentamicin/amphotericin B and penicillin (Sigma) and L-glutamine
(Gibco). Each serum was mixed with 100 TCID50 units of virus
and incubated for 2 h at 37°C in 5% CO2 after which the virus/
serum mixture was added to confluent monolayers of MDCK
cells and supplemented with MegaVir containing TPCK trypsin.
Following 3 h incubation at 37°C, the virus/serum suspension
was removed and the cells were supplemented with MegaVir and
TPCK trypsin, incubated at 37°C and monitored daily for 3–5 d
for cytopathic effect (CPE). The neutralization titer was the inverse
of the dilution that completely protected the monolayer from CPE.
The lower limit of detection in both HAI and MN assays was a
titer of 10; samples with undetectable activity were assigned a titer
of 5 for calculation of geometric mean titers (GMTs). Single radial
hemolysis (SRH) assays were conducted for all 3 viruses on samples
obtained from all subjects at Days 0 and 21, using published methodology.46 Whole, inactivated, vaccine-homologous viruses were
used. Results were expressed as area of hemolysis in mm2. MN
assays were performed in Halifax and SRH assays in Siena, Italy.
All tests were performed on code-labeled samples, without identification of the subjects’ vaccine assignment.
Data analysis and statistical considerations
Data were assembled using a secure, customized, web-based
platform (Daciforms, Montreal). Data entry screens contained
numerous prompts and logic checks to minimize errors but
each participant’s file was assessed for completeness and queried as necessary before the database was locked for analysis.
Comparability of the 3 study groups was assessed in terms of
each relevant demographic parameter (using chi-square or
Fisher’s exact test) and baseline antibody titers (by chi-square and
ANOVA). Participation rates were calculated for each scheduled
contact with participants. The safety analysis included all vaccinated subjects and the immunogenicity analysis included all
available samples of adequate volume, at each time point (modified intention-to-treat analysis). Adverse event rates were determined daily and for days 0–2 (peak rates) and 0–6 (cumulative
rates) following immunization and compared among the study
groups using the chi-square test. Rates of severe symptoms and
those present at baseline were examined and compared among
the groups. Unsolicited and serious adverse events were tabulated
for each group; the relatedness of such events to the study vaccines was determined by the local investigator.
Serologic responses were analyzed according to standard
international criteria5,46 for adults over 60 y of age given seasonal influenza vaccines, when measured by HAI or SRH assay.
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Seroprotection was considered the primary serologic outcome
measure, defined as an HAI titer ≥ 40 or SRH area of hemolysis ≥
25 mm2.24,30 Seroprotection rate differences among products following immunization were calculated for each strain, with 95%
confidence intervals. GMT ratios and 95% confidence intervals were similarly determined following immunization, using
HAI data. Related outcomes were seroconversion, defined as ≥
4-fold rise in titer or conversion from negative to a seroprotective titer between baseline and day 21 samples, and the mean
fold rise in geometric mean titers (GMT) between these samples.
Seroprotection and seroconversion rates were compared among
groups by chi-square test, GMT titers were compared by ANOVA
and GM fold rises by t-test with the Satterthwaite unequal variance assumption. Secondary serologic analyses included evaluation of a higher threshold for protection (HAI titer ≥ 160) among
the groups and the proportionate decrease in seroprotection
rates and GMT between days 21 and 180. Exploratory analyses
included the effects of selected host variables such as age, sex and
BMI on HAI seroprotection rates at day 21 post-vaccination, for
each vaccine group. All statistical calculations were performed
using SAS version 9.2 (SAS Institute). No correction was made
for multiple comparisons. Differences with p values ≤ 0.05 for
2-sided tests were considered statistically significant.
The intention of this study was to be able to recognize any programmatically important advantages between new and old products, such as a ≥ 15% superiority margin in seroprotection rates.
Based on reported seroprotection rate differences in comparisons
of ADV and a different TIV,8,18 we determined that groups of
300 would allow detection of rate differences ≥ 15% with at least
90% probability using one-sided tests, across a range of potential
rate pairs with 3 viral strains. Group size of 300 also provided
over 90% power to detect GMT ratios in the range of 1.25 to 1.5,
as in previous comparisons of ADV and different TIVs.8,18 The
selected group size also applied satisfactorily to comparisons of
IDV and TIV, as published response rate differences were similar
to those above.9,10 Group sizes of 300 provided sufficient power to
recognize differences in rates of adverse events of 12% or more,
with 80% probability.

Conclusions
Compared with subunit TIV, adjuvanted TIV elicited
10–12% higher seroprotection rates to influenza A antigens in
older adults regularly given TIV. This advantage did not persist
6 mo after vaccination. Intradermal TIV provided no significant
advantage over intramuscular TIV using standard serologic criteria. All 3 vaccines were well tolerated by this TIV-experienced
population.
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