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ABSTRACT

BACKGROUND
The efficacy of influenza vaccines may decline during years when the circulating
viruses have antigenically drifted from those included in the vaccine.

METHODS

We carried out a randomized, double-blind, placebo-controlled trial of inactivated and
live attenuated influenza vaccines in healthy adults during the 2004-2005 influenza
season and estimated both absolute and relative efficacies.

RESULTS

A total of 1247 persons were vaccinated between October and December 2004. In-
fluenza activity in Michigan began in January 2005 with the circulation of an anti-
genically drifted type A (H3N2) virus, the A/California/07/2004-like strain, and of
type B viruses from two lineages. The absolute efficacy of the inactivated vaccine
against both types of virus was 77% (95% confidence interval [CI], 37 to 92) as
measured by isolating the virus in cell culture, 75% (95% CI, 42 to 90) as measured
by either isolating the virus in cell culture or identifying it through real-time poly-
merase chain reaction, and 67% (95% CI, 16 to 87) as measured by either isolating
the virus or observing a rise in the serum antibody titer. The absolute efficacies of
the live attenuated vaccine were 57% (95% CI, —3 to 82), 48% (95% CI, —7 to 74),
and 30% (95% CI, —57 to 67), respectively. The difference in efficacy between the
two vaccines appeared to be related mainly to reduced protection of the live attenu-
ated vaccine against type B viruses.

CONCLUSIONS
In the 20042005 season, in which most circulating viruses were dissimilar to
those included in the vaccine, the inactivated vaccine was efficacious in preventing
laboratory-confirmed symptomatic illnesses from influenza in healthy adults. The
live attenuated vaccine also prevented influenza illnesses but was less efficacious.
(ClinicalTrials.gov number, NCT00133523.)
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OR MANY YEARS, PLACEBO-CONTROLLED

trials of the inactivated influenza vaccine

used in the military found that it was 70 to
90% efficacious in preventing infection with in-
fluenza as identified by a rise in serum antibody
titer, as long as the virus strain used in the vac-
cine resembled the strain in circulation.® Ques-
tions have been raised as to how well the vaccine
provides protection against infection when the cir-
culating virus has antigenically drifted and differs
to some extent from the strain used in the vac-
cine.? The validity of using serologic confirmation
of infection, rather than isolation and identifica-
tion of the virus, to determine efficacy has also
been questioned.?

The live attenuated influenza vaccine has been
developed more recently. It has been shown to be
efficacious in young children in cases in which
virus isolation has been used to confirm that the
illness was caused by influenza.* In both child
and adult populations, the vaccine was shown to
be protective even during years in which the cir-
culating virus had antigenically drifted from the
virus included in the vaccine.>° However, the key
efficacy study of the trivalent live attenuated vac-
cine in adults did not include laboratory confir-
mation of influenza.®

We carried out a clinical trial to determine the
efficacy, as measured by laboratory confirmation
of influenza, of both the inactivated and live at-
tenuated influenza vaccines in the healthy adult
population for whom both vaccines are current-
ly licensed for use. The study was conducted in
Michigan during the winter of 20042005, when
antigenically drifted type A viruses, the A/Califor-
nia/07/2004-like strain of H3N2, were circulating,
as were type B viruses of two lineages.

METHODS

STUDY DESIGN AND OBJECTIVES

The study was a randomized, double-blind, pla-
cebo-controlled, community-based trial. Our pri-
mary objective was to evaluate the absolute ef-
ficacies, as compared with placebo, of the
inactivated and live attenuated influenza vaccines
in preventing laboratory-confirmed symptomatic
influenza caused by circulating strains (whether
they were antigenically similar or dissimilar to
the strains included in the vaccines). Secondary
objectives included evaluating the relative effica-
cy of one vaccine as compared with the other.

MedImmune provided the live attenuated vaccine
and Sanofi Pasteur provided the antigens used in
the serologic tests; these companies had no role
in the design, analysis, interpretation, or reporting
of the study. The study was designed and carried
out by the authors, who also analyzed the data; the
authors take full responsibility for the data, the
analysis, and the completeness and accuracy of
this article.

PARTICIPANT ENROLLMENT, RANDOMIZATION,
AND FOLLOW-UP

Eligible participants were healthy men and women
18 to 46 years of age, recruited at four study sites
(two university sites and two community sites) in
Michigan, who had not yet received an influenza
vaccine for the 20042005 season. Persons with
any health condition for which the inactivated vac-
cine was recommended, and persons for whom
either vaccine was contraindicated, were excluded.”
The study was approved by the institutional re-
view board at the University of Michigan Medical
School.

At enrollment, written informed consent was
obtained from potential participants, and study
eligibility was determined. Preintervention blood
specimens were collected from eligible partici-
pants, who were then randomly assigned to re-
ceive one intervention: the inactivated influenza
vaccine or the matching placebo (physiologic sa-
line) by intramuscular injection or the live attenu-
ated influenza vaccine or matching placebo (phys-
iologic saline) by intranasal spray, in ratios of 5:1
and 5:1, respectively. Four site-specific random-
ization schedules, generated with the use of a
random permuted block design with a block size
of 12, were used to assign participants sequential-
ly to receive a vaccine or a placebo as they enrolled.
Since the trial was double-blind, participants and
the nurses who administered the study vaccine or
placebo were unaware of whether the participant
was receiving vaccine or placebo but were aware
of the route of administration.

Participants recorded data on local and sys-
temic reactions to vaccine or placebo on diary
cards each day for 7 days after the intervention.
They returned to the study sites 3 to 5 weeks after
the intervention for collection of the diary cards
and for collection of postintervention (preseason)
blood specimens.

Influenza surveillance was conducted from
November 2004 through April 2005. Participants
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were contacted twice monthly by e-mail or tele-
phone and were instructed to contact study staff
in the event of illness with at least two respira-
tory or systemic signs or symptoms. Throat-swab
specimens were collected for the isolation and
identification of influenza virus, and participants
were followed for collection of data on illness
characteristics. During the period from April
through May 2005, participants returned to the
study sites for collection of postseason blood
specimens.

VACCINES AND PLACEBOS
Both the inactivated trivalent vaccine (Fluzone,
Sanofi Pasteur) and the live attenuated trivalent
vaccine (FluMist, MedImmune) were licensed for
use in the 2004-2005 influenza season. Each
0.5-ml dose of Fluzone was formulated to contain
15 pg of hemagglutinin from each of the fol-
lowing strains: A/New Caledonia/20/99 (H1N1),
A/Wyoming/3/2003 (H3N2, A/Fujian/411/2002-like
strain), and B/Jiangsu/10/2003 (B/Shanghai/361/
2002-like strain [Yamagata lineage]). Each 0.5-ml
dose of FluMist was formulated to contain a 10%57°
median tissue-culture infective dose of live attenu-
ated influenza virus reassortants of the following
strains: A/[New Caledonia/20/99 (HIN1), A/Wyo-
ming/3/2003 (H3N2 A/Fujian/411/2002-like strain),
and B/Jilin/20/2003 (B/Shanghai/361/2002-like
strain [Yamagata lineage]). Identical syringes were
filled on-site with the inactivated vaccine or match-
ing placebo (physiologic saline) by study nurses
who were aware of the intervention assignments.
The live attenuated influenza vaccine and match-
ing placebo (physiologic saline) were preloaded in
identical nasal spray devices by the manufacturer.

EFFICACY MEASUREMENTS
Symptomatic influenza was defined as illness
characterized by at least one respiratory symptom
(cough or nasal congestion) and at least one sys-
temic symptom (fever or feverishness or chills or
body aches).® To qualify as a case of symptomatic
influenza, the illness also must have occurred
during the period of surveillance-defined influ-
enza activity and at least 2 weeks after receipt of
vaccine or placebo. The primary end point was a
case of symptomatic influenza type A or B that
was laboratory-confirmed, either by isolation of
the influenza virus in cell culture or by a rise by a
factor of four or more in the serum antibody titer
against a circulating influenza strain on hemag-

glutination—inhibition testing (serologic determi-
nation). Additional end points included illness
confirmed through isolation of the virus only,
through either isolation of the virus or identifica-
tion of the virus through real-time polymerase
chain reaction (PCR), through real-time PCR only,
and through serologic determination only.

LABORATORY ASSAYS
Isolation of influenza in cell culture, type identi-
fication (of influenza A or B) using the fluores-
cence antibody assay, and serologic assays using
the hemagglutination-inhibition test were per-
formed in the influenza laboratory at the Univer-
sity of Michigan School of Public Health.o1* All
throat swabs collected during the surveillance
period were cultured to identify participants with
culture-positive influenza and to define the period
of local influenza activity. All isolates were typed
according to strain and evaluated for antigenic
relatedness to vaccine strains by the Influenza
Branch at the Centers for Disease Control and
Prevention (CDC). In addition, all throat-swab
specimens obtained from participants with symp-
tomatic influenza were tested at the University of
Michigan by means of real-time PCR assays using
the Tagman system (Applied Biosystems); primers
and probes used in this assay were developed by
the CDC Influenza Branch and were designed for
universal detection of influenza A and B viruses.
All collected serum samples were tested with the
hemagglutination-inhibition assay, with the virus
strains present in the vaccines used as antigens.
In addition, serum samples from participants with
symptomatic illness were tested against the circu-
lating type A (H3N2) (A/California/07/2004-like)
virus and the circulating type B (B/Hawaii/33/
2004-like) virus, representing the Victoria lineage
not included in the vaccine.

STATISTICAL ANALYSIS
In efficacy analyses, we considered both placebo
groups (participants receiving physiologic saline
through either injection or intranasal spray) to be
equivalent and combined them. Absolute efficacy
was estimated by calculating the relative risk of
laboratory-confirmed symptomatic influenza in
each vaccine group as compared with the placebo
group; relative efficacy was estimated by calcu-
lating the relative risk of laboratory-confirmed
symptomatic influenza in one vaccine group as
compared with the other vaccine group. The rela-
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tive risk was calculated by comparing the cumu-
lative incidence (the observed proportion) of cases
in the vaccine group and the cumulative incidence
of cases in the placebo group (or in the other vac-
cine group) and determining the exact confidence
intervals. Point estimates of vaccine efficacy were
calculated as (1-—the relative risk) x 100. Differ-
ences in the proportions of reported postinterven-
tion reactions between each vaccine group and
the matching placebo group were analyzed with
an appropriate chi-square test or, when necessary,
Fisher’s exact test. Statistical analyses were con-
ducted with the use of SAS software (release 8.2,
SAS Institute) and StatXact software (version 7,
Cytel).

The intention-to-treat analysis involved all en-
rolled participants who were randomly assigned
to a vaccine or placebo group and received a vac-
cine or a placebo; this population was used in the
analysis of influenza infection confirmed through
isolation of the virus in cell culture or identifica-
tion of the virus through real-time PCR. Per-pro-
tocol analyses were limited to participants who
provided all three annual blood specimens ac-
cording to the timing specified in the protocol —
in particular, having the postintervention (pre-

season) blood specimen collected at least 3 weeks
after receipt of a vaccine or a placebo and at least
2 weeks before the beginning of local influenza
activity. This limited population was used in the
analysis of influenza cases that were serologi-
cally determined.

Assuming absolute vaccine efficacies of 80%,
our study was planned to have a statistical power
sufficient to estimate efficacy with a two-sided
95% confidence interval (CI) with a positive lower
bound. Enrollment was then planned on the basis
of the total number of end points required to
achieve this power (8 end points in either vaccine
group and 15 in the placebo group); given a con-
servative attack rate for community influenza of
5%, we estimated that we would need to enroll
1800 subjects. A P value of less than 0.05, or a
positive lower bound of the 95% CI for vaccine
efficacy, was considered to indicate statistical sig-
nificance.

RESULTS

PARTICIPANTS
Enrollment of subjects began in mid-October 2004
and continued through mid-December 2004. A to-

Table 1. Baseline Characteristics of the 1247 Study Participants during the 2004-2005 Influenza Season in Michigan.*
Live Attenuated Inactivated
Vaccine Group ~ Vaccine Group  Placebo Group Total
Characteristic (N=519) (N=522) (N=206) (N=1247)
Percentage of participants 41.6 41.9 16.5 100
Mean age —yr 26.3+9.0 27.2+9.4 27.8+9.9 26.9+9.3
Age category — no. (%)
18-19yr 162 (31.2) 156 (29.9) 64 (31.1) 382 (30.6)
20-24 yr 151 (29.1) 129 (24.7) 49 (23.8) 329 (26.4)
25-34yr 83 (16.0) 96 (18.4) 30 (14.6) 209 (16.8)
35-46 yr 123 (23.7) 141 (27.0) 63 (30.6) 327 (26.2)
Sex — no. (%)
Women 313 (60.3) 334 (64.0) 128 (62.1) 775 (62.1)
Men 206 (39.7) 188 (36.0) 78 (37.9) 472 (37.9)
Race or ethnic group — no. (%)
White 444 (85.5) 452 (86.6) 179 (86.9) 1075 (86.2)
Nonwhite 75 (14.5) 70 (13.4) 27 (13.1) 172 (13.8)
Prior receipt of influenza vaccine — no. (%) 265 (51.1) 263 (50.4) 100 (48.5) 628 (50.4)

* Plus—minus values are means +SD. Placebo was physiologic saline administered as either an intramuscular injection
(103 participants) or an intranasal spray (103 participants). For the purposes of efficacy analyses, both placebos were

considered equivalent and were combined.

7 Race or ethnic group was self-reported. “Nonwhite” included black, Asian, Hispanic, and other or mixed.
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tal of 1253 subjects were eligible, and 1247 par-
ticipants provided a preintervention blood speci-
men and then received a vaccine or a placebo (Table
1). The mean age of participants was 20.9 years,
and 628 participants (50.4%) reported having re-
ceived influenza vaccine previously. Participant
characteristics were similar across the inactivated
vaccine group, the live attenuated vaccine group,
and the placebo group.

Forty participants (3.2%) did not complete all
scheduled visits; loss to follow-up did not differ
significantly among the three groups (P=0.39)
(Fig. 1). A total of 331 additional participants were
excluded from per-protocol analyses because their
postintervention (preseason) blood specimens
were in fact collected after local influenza activ-
ity began. As a result, 876 (70.2%) participants
were included in per-protocol analyses; the dis-
tribution of these participants was similar among
the three groups (P=0.97).

REPORTED REACTOGENICITY
Among the local and systemic reactions reported
on diary cards, only arm soreness was significant-
ly more likely to be reported by recipients of in-
activated vaccine than by recipients of the match-
ing placebo (Table 2). Runny nose or congestion,
cough, headache, and muscle aches were all sig-
nificantly more likely to be reported by recipients
of live attenuated vaccine than by recipients of the
matching placebo. The reporting of symptoms as
moderate or severe, although common, did not
result in any participant’s withdrawal from the
study.

SERIOUS ADVERSE EVENTS
Four serious adverse events occurred among par-
ticipants within 30 days of receipt of vaccine or
placebo. Only one — hospitalization for acute
pericarditis with moderate effusion after receipt
of the live attenuated vaccine — was considered

1253 Eligible persons enrolled

6 Not randomized because
preintervention blood speci-
mens could not be obtained

1247 Randomly assigned to receive

vaccine or placebo

522 Received inactivated influenza

519 Received live attenuated

vaccine

103 Received injected saline

103 Received nasal-spray saline

influenza vaccine

509 Underwent complete follow-up
13 Lost to follow-up

98 Underwent complete follow-up
5 Lost to follow-up

99 Underwent complete follow-up
4 Lost to follow-up

501 Underwent complete follow-up
18 Lost to follow-up

367 Included in per-protocol
analyses
142 Excluded from per-protocol

analyses because post-
intervention (preseason)
blood specimens were
in fact collected after local
influenza activity began

73 Included in per-protocol

analyses
25 Excluded from per-protocol

analyses because post-
intervention (preseason)
blood specimens were
in fact collected after local
influenza activity began

73 Included in per-protocol

analyses
26 Excluded from per-protocol

analyses because post-
intervention (preseason)
blood specimens were
in fact collected after local
influenza activity began

363 Included in per-protocol
analyses
138 Excluded from per-protocol

analyses because post-
intervention (preseason)
blood specimens were
in fact collected after local
influenza activity began

Figure 1. Enrollment and Follow-up of Study Participants during the 2004-2005 Influenza Season in Michigan.
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Placebo
(Intranasal Spray)

Live Attenuated

Placebo

Table 2. Local and Systemic Reactions to Vaccine or Placebo Occurring within 7 Days, as Reported by 1205 Participants (96.6%).*
Inactivated Vaccine (Intramuscular Injection)

Difference

Vaccine

Difference

P Value

in Risk

(N=99)

(N=506)

P Value

in Risk

(N=99)

(N=501)

Reported Reaction

%
-0.8

no. of participants (%)

32 (6.3)

%
2.3

no. of participants (%)

37 (7.4)
40 (8.0)
150 (29.9)

0.78
0.91

7(7.1)
5 (5.1)
30 (30.3)
3 (8.1)

0.41
0.31
0.05
0.96
0.12
0.09
0.67
0.15
0.29

5 (5.1)
5 (5.1)
20 (20.2)
16 (16.2)
12 (12.1)
25 (25.3)
13 (13.1)
14 (14.1)
3 (3.0)

Fever
Chills

0.2

27 (5.3)
247 (48.8)

2.9
9.7

0.001
0.01
0.06
0.02
0.02
0.19
0.56

18.5

Runny nose or congestion

10.1

92 (18.2)
127 (25.1)
192 (37.9)

-0.2

30 (16.0)
93 (18.6)
171 (34.1)

Cough

8.9

16 (16.2)
25 (25.3)
5 (5.1)

6.5

Sore throat

12.6

8.8
1.7

6.3

Headache

8.1

67 (13.2)
117 (23.1)

74 (14.8)
102 (20.4)

Muscle aches

5.9
2.0

17 (17.2)
2 (2.0)

Weakness

20 (4.0)

2.6

28 (5.6)

Abdominal pain

g to be possibly related to the study intervention.
28R85K]|°2 Comprehensive study of the serum samples col-
°e " e~ e 2 lected immediately before administration of the

# s | vaccine and 4 weeks later did not indicate an in-

S© | fectious cause of the pericarditis; the participant

S8 p p p
¥~ 9 o o w9 | 53 | recovered completely. The other three serious ad-
N o 4 o ~ £ p Y

! g £ | verse events — participants hospitalized for mono-
ey . .
=8 | nucleosis, for exacerbated hypertension and car-
5 yp

A . . . . .

¢ € | diomyopathy, and for injuries resulting from a car

£ . .

NS | accident — were considered to be unrelated to
—~ e~ o~ o~ —~ 5 O . . .. . .

& 99 & = | °¢ | thestudy intervention. Additional information on
2~ ¥ = o | 28 | allserious adverse events occurring during follow-

© = . .

S § up is presented in Table 3.

,‘\g';é IMMUNE RESPONSE TO VACCINE

§< | Hemagglutination-inhibition assays showed that

o=
ST~ |E3 h ibody titer for the influenza A H3
< 88§ K |52 | theserum antibody uenz
S = >=152 | component of the vaccines increased by a factor
= = 7 ™ | Zg | of four or more from preintervention levels in

o] . . . .

2 9 | 110 recipients of live attenuated vaccine (21.2%)

o v p

£ ; and 348 recipients of inactivated vaccine (66.7%)

<5 | (P<0.001), as did the serum antibody titer for the

- o E influenza B component of the vaccines in 70 re-
§ g § g § §g | cipients of live attenuated vaccine (13.5%) and 445
> o . . . .
v % s | recipients of inactivated vaccine (85.2%) (P<0.001)
8 p

w g and the serum antibody titer for the influenza A

c e . . o s

3]

8% | H1component of the vaccines in 44 recipients of
S o~ 9« |28 | ]jve attenuated vaccine (8.5%) and 367 recipients
O N m = O € p

© . . .
«” 3% of inactivated vaccine (70.3%) (P<0.001).

< .=

~ &

3 & | LABORATORY-CONFIRMED INFLUENZA

0

EE Thirty-two participants (2.6%) had culture-con-
55 3 5 = | 58 | firmedinfluenza (Table 4), including 14 infected
dcade E f:’ with influenza A (H3N2) and 18 infected with
N A O N W 2 . N .

N §_-g influenza B. All influenza A (H3N2) isolates were

S <. | AlCalifornia/07/2004-like; this strain was nation-

j =} . .

3= | ally predominant during the 2004-2005 season

i & | and was considered to be antigenically drifted

3 _E from the H3N2 component present in the vac-
g8l xS f € | cines.'»'3 Influenza B isolates represented the two
N on N N O — . . . .

o o Bl < '8% influenza B lineages that circulated nationally
7 & Y ™| £2 | during that season; 7 of the infected participants
5% g p p
9 2 | had an isolate identified as B/Shanghai/361/2002-
© g

5 f, like (Yamagata lineage), and 11 of those infected

= C . . . .o .

28 had an isolate identified as B/Hawaii/33/2004-like

2 2| (Victoria lineage).>
® 2 3 . Fort}f-three part.icipan.ts (3.4%) h.afi PCR—cqn-
s @ B2 | firmed influenza, including 28 participants with
] g g ga influenza A, 14 participants with influenza B,
22388« |: _% and 1 participant with both influenza A and in-
33 EE £ £ 8 | fluenza B (two different episodes of illness).
Fx << O |Oxn .. o . .

J,: Forty-seven participants (3.8%) were infected with

2518

Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission.

z

ENGL) MED 355,24 WWW.NEJM.ORG DECEMBER 14, 2006

Copyright © 2006 Massachusetts Medical Society. All rights reserved.



EFFICACY OF INFLUENZA VACCINE AGAINST ANTIGENICALLY DRIFTED VIRUS

or a Placebo.*

Table 3. Serious Adverse Events Reported by Participants within Approximately 6 Months after Receipt of a Vaccine

Reported Serious Adverse Event Intervention

Acute pericarditis Live attenuated vaccine 17 Possibly associated
Injuries from car accident Live attenuated vaccine 9 Definitely not associated
Mononucleosis Inactivated vaccine 14 Probably not associated
Exacerbated hypertension and cardio-  Inactivated vaccine 17 Probably not associated
myopathy
Repair of anterior cruciate ligament Placebo 33 Definitely not associated
Uterine myomectomy Inactivated vaccine 74 Definitely not associated
Repair of three partially amputated Inactivated vaccine 89 Definitely not associated
fingers
Ovarian cyst Inactivated vaccine 90 Definitely not associated
Orchiectomy for testicular cancer Inactivated vaccine 91 Definitely not associated
Rotator cuff repair Live attenuated vaccine 161 Definitely not associated

No. of Days from Receipt
of Vaccine or Placebo
to Onset of Event

Relation of Event
to Intervention

3

Placebo was physiologic saline administered as either an intramuscular injection or intranasal spray. The relation of the

event to the intervention was determined by the independent safety monitor for this trial.

influenza as confirmed through either isolation
of the virus in cell culture or identification of the
virus through real-time PCR (Table 4).
Thirty-seven participants included in per-pro-
tocol analyses (4.2%) had serologic evidence of
influenza infection. Of these participants, 20 were
infected with influenza A (H3N2) and 17 with in-
fluenza B. Forty-three participants included in
per-protocol analyses (4.9%) were infected with
influenza, as confirmed by either cell culture or
serologic testing (the primary end point) (Table 4).

ABSOLUTE AND RELATIVE ESTIMATES OF VACCINE
EFFICACY

Absolute vaccine efficacy (as compared with pla-
cebo), as estimated for culture-confirmed cases
only, was 77% (95% CI, 37 to 92) for the inactivat-
ed vaccine and 57% (95% CI, —3 to 82) for the live
attenuated vaccine (Table 4). There was a 46%
relative reduction (95% CI, —44 to 82) in culture-
confirmed influenza among recipients of inacti-
vated vaccine as compared with recipients of live
attenuated vaccine.

Absolute vaccine efficacy, as estimated for cases
confirmed through cell culture or PCR, was 75%
(95% CI, 42 to 90) for the inactivated vaccine and
48% (95% CI, —7 to 74) for the live attenuated vac-
cine (Table 4). There was a 53% relative reduction
(95% CI, =5 to 80) in these cases of influenza
among recipients of the inactivated vaccine as com-
pared with recipients of the live attenuated vaccine.

Absolute vaccine efficacy, as estimated for
culture-confirmed or serologically determined
cases of influenza (the primary end point in the
per-protocol population), was 67% (95% CI, 16 to
87) for the inactivated vaccine and 30% (95% ClI,
—57 to 67) for the live attenuated vaccine (Table 4).
There was a 53% (95% CI, —4 to 80) relative re-
duction in these cases among recipients of the
inactivated vaccine as compared with recipients
of the live attenuated vaccine.

Vaccine efficacy, as determined with the use
of cell culture alone or combined cell culture and
PCR, was also estimated for cases of type A influ-
enza and type B influenza separately (Table 5).
Absolute vaccine efficacy against culture-confirmed
influenza A was 74% (95% CI, —11 to 95) for the
inactivated vaccine and 74% (95% CI, =12 to 95)
for the live attenuated vaccine. When PCR results
were also considered, the absolute efficacy was
similar for the inactivated vaccine but was de-
creased for the live attenuated vaccine. For type B
influenza, the absolute efficacy against culture-
confirmed illness was 80% (95% CI, 8 to 97) for
the inactivated vaccine but only 40% (95% ClI,
—103 to 81) for the live attenuated vaccine.

DISCUSSION

In February each year, the influenza virus strains
to be included in the next season’s vaccine are
selected.?> The subsequent influenza outbreak is
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Table 4. Estimated Absolute and Relative Efficacies of the Inactivated Influenza Vaccine and the Live Attenuated Influenza Vaccine during the 2004-2005 Influenza Season in Michigan.*

Laboratory-Confirmed
Symptomatic Influenza

Percent Relative Reduction (95% Cl)

Relative Risk (95% Cl)

Cumulative Incidence of Influenza

Inactivated  Live Attenuated Inactivated vs.
Live Attenuated

Vaccine vs.

Inactivated vs.
Live Attenuated

Live Attenuated

Inactivated
Vaccine vs.

Live Attenuated

Inactivated

Vaccine vs.

Vaccine
vs. Placebo

Placebo

Vaccine
(N

Vaccine
(N

Placebo Vaccine

Placebo

Vaccine

Placebo

(N=206)

519)

=522)

no. of participants (%)

7 (1.3)
10 (1.9)

46 (-44 to 82)
45 (=26 to 77)

57 (-3 to 82)

52 (-2t0 77)

77 (37 to 92)

0.54 (0.18 to 1.44)
0.55 (0.23 to 1.26)

12 (5.8)  0.23 (0.08t00.63) 0.43 (0.18 to 1.03)
0.26 (0.11 t0 0.63)

15 (7.3)

13 (2.5)
18 (3.5)

Culture positive

74 (37 to 89)

0.48 (0.23 to 1.02)

Real-time PCR positive
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T These cases were reported for the per-protocol population, defined as the participants who provided all three annual blood specimens according to the timing specified in the protocol.

In this population, 367 participants received the inactivated vaccine, 363 the live attenuated vaccine, and 146 placebo.

most often caused by a virus or viruses similar or
identical to those in the vaccine. However, when
a circulating virus has changed, or antigenically
drifted, from the strain in the vaccine, the effi-
cacy of the inactivated vaccine is believed to de-
cline.?>71 In the 2004-2005 season, the type A
virus had antigenically drifted to A/California/07/
2004-like virus, leading to concern that the effi-
cacy of the inactivated vaccine would be low, given
the genetic differences between the two viruses;
in hemagglutination-inhibition tests using serum
from ferrets inoculated with virus in the vaccine,
inhibition of the new virus was lower than that
of the virus in the vaccine by a factor of 8.1213
Two markedly different lineages of type B viruses,
Yamagata and Victoria, had been circulating glob-
ally for a number of years.** One or the other had
typically predominated, but in the winter of 2004—
2005, when a Yamagata type B virus was selected
for use in the vaccine, viruses of both lineages
were in circulation.'?

In this year, when antigenically drifted type A
(H3N2) influenza and both vaccine-like and vari-
ant type B viruses were circulating, the inacti-
vated vaccine worked well. This result was some-
what unexpected, given problems reported in past
years when antigenically drifted viruses were cir-
culating.271¢ It is reassuring that our results for
the inactivated vaccine were consistent across
the methods used to confirm influenza. The
lower absolute efficacy of the live attenuated vac-
cine, as compared with the inactivated vaccine,
was also not anticipated, given previous reports
of efficacy in years when antigenically drifted
strains circulated.>® The live attenuated vaccine
still appeared to be protective, particularly against
type A influenza, although absolute efficacy es-
timates were not significant. The estimation of
relative efficacy did not indicate a significant ad-
vantage of the inactivated vaccine over the live
attenuated vaccine.

How can we explain our results among adults
for the 2004-2005 influenza season? The use of
antibody titer to confirm infection with influenza
may lead to overestimation of the efficacy of the
inactivated vaccine and underestimation of the
efficacy of the live attenuated vaccine.'” Among
cases of influenza that were confirmed by iso-
lating the virus in cell culture or identifying it
through real-time PCR, the inactivated vaccine
provided good protection against both type A
and type B viruses, but the live attenuated vac-
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cine appeared to protect reasonably well against
type A viruses but protected poorly against type
B viruses. However, our study did not have the
statistical power to draw conclusions from anal-
yses of individual types of influenza. There were
differences in the exact B viruses included in the
two vaccines, but both were B/[Shanghai/361/2002-
like viruses and were considered to be antigeni-
cally equivalent to each other by the Food and
Drug Administration. Low protection against type
B influenza, which has been reported previously
for the live attenuated vaccine, has been attributed
to a poor match between the circulating strain
and the vaccine strain.®

Could these findings be generalized to other
years, when the circulating viruses are either
closely matched to vaccine strains or different
from them? One previous head-to-head compari-
son of an experimental bivalent live attenuated
vaccine and an inactivated vaccine suggested that
the two were equally protective against some but
not all end points.? In children, the live attenuated
vaccine has been consistently shown to be effi-
cacious, even againstantigenically drifted strains,*>
and a recent report suggests that it is more ef-
ficacious than the recommended two-dose inac-
tivated vaccine. However, in our study, the low
antibody response to the live attenuated vaccine
in hemagglutination-inhibition assays, which has
also been observed in previous studies,”2° sug-
gests that some adults may not become infected
by the vaccine viruses because of past infection
with influenza. In contrast, there appear to be
high rates of seroconversion in seronegative chil-
dren.*21,22 However, protection provided by the
live attenuated vaccine has been observed in spite
of the lack of an immune response in hemagglu-
tination-inhibition assays, perhaps owing to the
production of secretory IgA antibody.'”2° More
information is needed on the efficacy of the live
attenuated vaccine in adults in other years. Even
if it is not as efficacious as the inactivated vac-
cine in adults, its intranasal route of administra-
tion might still be an advantage as the United
States moves toward a recommendation of univer-
sal use of influenza vaccines. The live attenuated
vaccine could also be useful in a pandemic, given
that the population would have no preexisting
antibodies for the virus, and one dose of the vac-
cine would be expected to protect against it.

Supported by a grant from the National Institute of Allergy
and Infectious Diseases (UO1 AI057853).

Table 5. Estimated Absolute and Relative Efficacies of the Inactivated Influenza Vaccine and the Live Attenuated Influenza Vaccine against Influenza A and Influenza B during the 2004—2005

Influenza Season in Michigan.*

Inactivated vs.
Live Attenuated
Vaccine

Placebo

Vaccine vs.

Percent Relative Reduction (95% Cl)
Live Attenuated

Inactivated
Placebo

Vaccine vs.

Inactivated vs.
Live Attenuated
Vaccine

Placebo

Relative Risk (95% Cl)
Live Attenuated
Vaccine vs.

Inactivated

Vaccine vs.
Placebo

206)

Placebo

(N

519)

Vaccine

(N

Cumulative Incidence of Influenza
522)

Inactivated Live Attenuated

Vaccine
(N

Laboratory-Confirmed
Symptomatic Influenza

no. of participants (%)

Influenza A

1 (-434 to 81)
42 (-60 to 81)

74 (-12 to 95)

47 (-42 to 80)

74 (-11 to 95)
69 (7 to 90)

0.99 (0.19 to 5.34)
0.58 (0.19 to 1.60)

0.26 (0.05 to 1.12)

0.26 (0.05 to 1.11)

6 (2.9)
9 (4.4)

4(0.8)

12 (2.3)

4(0.8)
7 (13)

Culture positive

0.53 (0.20 to 1.42)

031 (0.10t0 0.93)

Culture or real-time

PCR positive

Influenza B

40 (103 to 81) 67 (~33 to 94)

0.60 (0.19 to 2.03) 0.33 (0.06 to 1.33) 80 (8 to 97)

0.20 (0.03 t0 0.92)

6 (2.9)

9(L.7)

3 (0.6)

Culture positive

0.51 (0.17to 1.61) 0.33 (0.06t0 1.33) 83 (26t097) 49 (-61t083) 67 (~33 to 94)

0.17 (0.03 to 0.74)

7 (3.4)

9(17)

3 (0.6)

Culture or real-time

PCR positive
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* Relative reduction in vaccine efficacy was defined as (1-relative risk) x 100. Cl denotes confidence interval, and PCR polymerase chain reaction.
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