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Background. The current US national stockpile of influenza H5 vaccine was produced using the antigen from

the strain A/Vietnam/1203/2004 (a clade 1 H5 virus). Recent H5 disease has been caused by antigenically divergent

H5 viruses, including A/Indonesia/05/2005 (a clade 2 H5 virus).

Methods. The influence of schedule on the antibody response to 2 doses of H5 vaccines (one a clade 1

hemagglutinin protein [HA] vaccine and one a clade 2 HA vaccine) containing 90 lg of antigen was evaluated in

healthy adults 18–49 years of age.

Results. Two doses of vaccine were required to induce antibody titers >1:10 in most subjects. Accelerated

schedules were immunogenic, and antibody developed after vaccinations on days 0 and 7, 0 and 14, and 0 and 28,

with the day 0 and 7 schedule inducing lower titers than those induced with the other schedules. With mixed vaccine

schedules of clade 1 followed by clade 2 vaccine administration, the first vaccination primed for a heterologous

boost. The heterologous response was improved when the second vaccination was given 6 months after the first,

compared with the response when the second vaccination was given after an interval of 1 month.

Conclusions. An accelerated vaccine schedule of injections administered at days 0 and 14 was as immunogenic

as a vaccine schedule of injections at days 0 and 28, but both schedules were inferior to a vaccine schedule of

injections administered at 0 and 6 months for priming for heterologous vaccine boosting.

Clinical Trial Registry Number: NCT00703053

BACKGROUND

Severe disease in humans due to avian influenza viruses

of theH5N1 subtype has increased concern regarding the

potential emergence of these viruses in pandemic form

[1, 2]. Planning for control of such pandemics is of vital

importance, and a cornerstone of this planning is the

development of effective vaccines against H5N1infec-

tion. However, the relatively low frequencies of immune

response seen in previous studies of inactivated H5N1

vaccines in humans [3–5] and the likely need for a

2-dose schedule of vaccination pose significant obstacles

to vaccine approaches for pandemic response.

In one previous study, serum antibody responses to

a 2-dose schedule of an H5 vaccine generated from the

avian influenza A/Duck/Singapore/97 virus were mod-

est, and the use of the adjuvant MF59 was required [3].

However, when these same subjects were revaccinated

16 months later with a single dose of the same vaccine

and the adjuvant MF59, brisk responses occurred, and

the additional dose resulted in titers that were much

higher than those seen after the initial dose series [6]. In

Received 9 July 2010; accepted 19 November 2010.
Potential conflicts of interest: none reported
Presented in part: 6th World Health Organization Meeting on Evaluation of

Pandemic Influenza Vaccines in Clinical Trials, Geneva, Switzerland, February 2010.
Reprints or correspondence: Robert B. Belshe, MD, Div of Infectious Diseases

and Immunology, Saint Louis University, 1100 S. Grand Blvd, DRC-8, St. Louis, MO
63104 (belsherb@slu.edu).

The Journal of Infectious Diseases 2011;203:666–673
� The Author 2011. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com
1537-6613/2011/2035-0001$15.00
DOI: 10.1093/infdis/jiq093

666 d JID 2011:203 (1 March) d Belshe et al.



addition, subjects who were revaccinated with the A/Duck/

Singapore/97 vaccine developed significant levels of antibody

against the antigenic variants A/Vietnam/04 and A/Indonesia/05

after vaccination [7].

Results from another study [8] have suggested that a single

90-lg dose of A/Vietnam/04 vaccine in heterologously primed

subjects resulted in higher titers of hemagglutination-inhibiting

antibody (HAI) and neutralizing antibody than were seen after 2

doses (2 doses of 90 lg) in previously unprimed subjects. The

US national stockpile contains 20million doses of A/Vietnam/04

vaccine, and we sought to evaluate the value of priming with

this older H5 strain on the subsequent boost with more-

contemporary H5 antigen (A/Indonesia/05). We also examined

accelerated vaccine schedules to determine the minimum time

needed between priming and boosting.

METHODS

Vaccines
The rgA/Vietnam/1203/2004 Batch #04-067 clade 1 vaccine

(‘‘rg’’ indicates a reverse-genetics modified virus; referred to

hereafter as A/Vietnam/04 vaccine) is a monovalent submit

influenza vaccine that has been approved by the US Food

and Drug Administration (FDA) for human use. It consists of

a 90-lg/mL dose for intramuscular administration (see the

package insert for details) [11].

The investigational inactivated monovalent subvirion clade

2 influenza vaccine was produced using influenza virus

A/Indonesia/05/2005 PR8-IBCDC-RG2 (hereafter referred to as

A/Indonesia/05 vaccine) by Sanofi Pasteur, under contract to

the US Department of Health and Human Services. This in-

vestigational vaccine was produced using full-scale processes

and pilot plant processes nearly identical to those used to

manufacture A/Vietnam/04 vaccine. The vaccine contained

the preservative thimerosal at a concentration of �0.01% and

gelatin as a stabilizer at a concentration of �0.05%.

The investigational vaccine was essentially identical to the

A/Vietnam/04 clade 1 H5N1 vaccine, except for the following: it

contains the A/Indonesia/05/2005 H5N1 strain, and the for-

mulation of study vaccines proceeded with no further addition

of the preservative thimerosal or gelatin stabilizer. Therefore, the

thimerosal and gelatin content of each formulation was reduced

in proportion to the dilution factor (based on the hemagglutinin

protein [HA] target quality) of the individual formulation, and

Table 1. Vaccine Antigen and Dose for Each of 9 Groups of Subjects

Group 1 2 3 4 5 6 7a 8 9

Day 0 90 lg VN 90 lg VN 90 lg VN 90 lg VN 90 lg I 90 lg VN 45 lg VN and 45 lg I 90 lg I 90 lg VN

Day 7 . 90 lg VN . . . . . . .

Day 14 . . 90 lg VN . . . . . .

Day 28 . . . 90 lg VN 90 lg I 90 lg I 45 lg VN and 45 lg I . .

Day 180 . . . . . . . 90 lg I 90 lg I

NOTE. Booster vaccinations at one follow-up time were administered for 8 of the groups as indicated. Boosters were not given to group 1. I, inactivated rg A/

Indonesia/05/05 H5N1 (clade 2); VN, inactivated rg A/Vietnam/1203/04, H5N1 (clade 1).
a Group 7 vaccines were administered as separate injections in the same arm at day 0 and day 28.

Table 2. Number of Subjects with Serum Samples Drawn for Each of the 9 Groups in the Study, by Visit Day

Group 1 2 3 4 5 6 7 8 9

Visit Day

VN

Day 07

VN/VN

Day 0/7

VN/VN

Day 0/14

VN/VN

Day 0/28

I/I

Day 0/28

VN/I

Day 0/28

VN1I/VN1I

Day 0/28

I/I

Day 0

VN/I

Day 0/180

0 94 26 24 102 50 46 51 51 47

7 . 26 . . . . . . .

14 . 26 24 . . . . . .

21 . 26 24 102 . . . . .

28 94 26 23 101 49 46 50 51 47

35 . 26 24 95 . . . . .

42 . . 24 93 . . . . .

49 . . . 93 . . . . .

56 . . . 95 45 43 48 . .

180 91 . . 95 . . . 49 46

208 . 25 23 . 44 41 47 46 43

365 . . . . . . . 44 42

NOTE. Vaccination and vaccine schedule are indicated under the group number. Day refers to the days of vaccination with VN, I, or both. I, inactivated rg

A/Indonesia/05/05 H5N1 (clade 2); VN, inactivated rg A/Vietnam/1203/04, H5N1 (clade 1).

H5 Antibody Response d JID 2011:203 (1 March) d 667



the vaccine was considered as not containing preservative. The

A/Indonesia/05 vaccine was supplied in 0.5 mL unit-dose vials as

a sterile solution containing 90 lg of H5 HA per 0.5-mL dose.

For one group, a combination of the 2 H5 vaccines was ad-

ministered as 45 lg of each vaccine in 2 separate injections (0.5

mL of A/Vietnam/04 vaccine or 0.25 mL of A/Indonesia/05

vaccine) in the same extremity.

Study Design
The study evaluated the dose and schedules of unadjuvanted

inactivated subvirion H5N1 vaccines belonging to the same or

different clades in H5-naive, healthy adults 18–49 years of age

and without exposure to H5 vaccine or a history of H5 virus

infection. The study also determined whether boosting of sub-

jects given the inactivated influenza rg A/Vietnam/1203/04

vaccine with a heterologous antigen inactivated influenza rg

A/Indonesia/05/05 resulted in broader or higher immune re-

sponses, compared with boosting by the homologous antigen.

The influence of vaccine schedule was examined by evaluating

the immune response to 2 doses of H5 vaccine given at

intervals ,1 month apart. Safety data were collected.

The study was conducted as a randomized, prospective-

controlled, multi-center trial. H5-naive, healthy adult subjects

were randomized to receive varying schedules (two 90-lg doses

separated by 7, 14, 28, or 180 days) and clades (clade 1 followed by

clade 1, clade 1 followed by clade 2, clade 2 followed by clade 2, or

a combination of clades 1 and 2 [45 lg of each vaccine] followed

by a combination of clades 1 and 2) of unadjuvanted inactivated

subvirion H5N1 vaccines (Table 1). Subjects with occupational or

recreational exposure to poultry, including raising chickens or

hunting and handling wild fowl, were excluded. Written informed

consent was obtained from all subjects.

Vaccine preparation and administration were performed by an

unblinded vaccine administrator who was not involved in sub-

sequent study procedures. A vaccine dose of 90 lg was delivered
by deep intramuscular injection with a 1-inch needle. A vaccine

0

20

40

60

80

100

S
ub

je
ct

s,
 %

77/502

314/500

266/500

113/500

40/500
15/500 12/500 7/497 5/491

Vaccination Dose 1

Mild
Moderate
Severe

Mild
Moderate
Severe

ca
V

−tso
P

0
ya

D

1
y a

D

2
ya

D

3
ya

D

4
ya

D

5
ya

D

6
ya

D

7
ya

D

0

20

40

60

80

100

S
ub

je
ct

s,
 %

66/377

218/377

155/377

57/377

27/377

8/377 6/377 2/377 3/373

Vaccination Dose 2

ca
V

−tso
P

0
ya

D

1
ya

D

2
ya

D

3
ya

D

4
ya

D

5
ya

D

6
ya

D

7
ya

D

A

B

Figure 1. Occurrence of any adverse reaction after vaccination dose 1
(A) or vaccination dose 2 (B) among all groups. Severity of reactions is also
indicated. Mild, does not interfere with daily activity; moderate, interferes
with daily activity; severe, prevents daily activity. Vac, vaccination.
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Figure 2. Occurrence of 6 types of systemic reactions and any systemic
reactions, as well as 6 types of local reactions and any local reactions,
among all subjects in all groups after vaccination dose 1 (A) or vaccination
dose 2 (B). Mild, does not interfere with daily activity; moderate,
interferes with daily activity; severe, prevents daily activity. For redness
(mm) and swelling (mm), mild, moderate, and severe refer to small
(,20-mm), medium (20–50-mm), or large (.50-mm) diameter, re-
spectively, of the indicated sign of adverse event. Elev, elevated; Temp,
temperature; Vac, vaccination.
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dose of 45 lg of each antigen was delivered as 2 separate deep

intramuscular injections in the same arm, one above the

other, �2 cm apart. Because study products were administered

in different volumes, the subject was asked to look away when

receiving the injection. The unblinded administrator attempted

to conceal the syringe as much as possible to limit the ability of

the blinded staff and the subject to see the volume of vaccine

being administered. All clinical assessments were performed by

study personnel blinded to the degree possible, noting that

varying schedules, the number of vaccination sites evaluated, and

the product volumes administered were inherently unblinding.

Subjects recorded their daily oral temperature and any sys-

temic and local adverse events or serious adverse events that

occurred within the week following vaccination. Subjects re-

ceived a follow-up telephone call at 1–3 days after vaccination

(approximately day 2 after dosing) to obtain information on

adverse events and serious adverse events. A Safety Monitoring

Committee (SMC) reviewed adverse events and reactogenicity

data and made recommendations about the safety of the vaccine

for individuals, groups, or the entire protocol.

To answer the question of influence of schedule and boosting

antigen, the schedule of vaccine administration and collection

of serum for assessment of antibody responses varied in this

study, depending on the group and the responses being studied

(Tables 1, 2). Serum samples were tested in a fully blinded

manner at a central laboratory. Immunogenicity responses

were measured by serum hemagglutination inhibiting (HI) an-

tibody and microneutralizing (Neut) antibody titers against the

A/Vietnam/1203/04 and A/Indonesia/05/05 H5N1 viruses, as

previously described [9, 10]. The geometric mean titer (GMT) of

duplicate results for each specified time point was used for all

immunogenicity calculations. Serum samples with antibody

titers of ,1:10 were assigned values of 5 for purposes of mean

titer calculations.

Figure 3. Geometric mean titer (GMT) plots of serum hemagglutinating inhibiting (HI) antibody to A/Vietnam/04 antigen among the 9 vaccine groups
are shown. Symbols on the x-axis of each subpanel indicate the day of vaccination with A/Vietnam/04 vaccine (V), A/Indonesia/05 vaccine (I), or both (B).
Statistical comparisons (a) to assess vaccine schedule in group 4 versus group 2 (P5 .99) and group 4 versus group 3 (P5 .94), (b) to assess monovalent
vaccine versus bivalent vaccine in group 4 versus group 7 (P5 .61), (c) to assess heterologous boosting in group 4 versus group 6 (P5 .37), (d) to assess
heterologous boosting after a long rest in group 4 versus group 9 (P5 .31) and group 6 versus group 9 (P5 .009), and (e) to assess heterologous boost
versus bivalent vaccine in group 6 versus group 7 (P ..99).
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Statistics
Exact confidence intervals were determined for all proportional

end points. GMTs of antibody and their confidence intervals

were computed by transforming results to a logarithmic scale,

assuming asymptotic normality conditions were satisfied on this

scale, and converting back to the original scale. Analyses are

based on a modified intent-to-treat population. Ten subjects are

not included in the analyses because they did not provide a post-

vaccination blood sample. One subject is also excluded at all

timepoints because of steroid receipt prior to a post-vaccination

blood draw. Twenty-one subjects who did not receive dose 2 and

one subject who was improperly dosed at vaccination 2 were

dropped from analyses beginning with dose 2. Five subjects were

also removed from analyses subsequent to dose 2 because of

receipt of vaccines (n5 4) or steroids (n5 1) prohibited by the

protocol. Other protocol violations, such as ‘‘out-of-window’’

vaccinations, did not impact inclusion in or exclusion from the

study population. For both serum HI and Neut antibody titers,

the GMT of duplicate assays done in parallel in one test were

calculated, with 95% confidence intervals, for each dose group

and follow-up blood draw. Between-group comparisons were

made on the basis of these end points for serum HI or Neut,

evaluated at 28 days after dose 2 for all subjects or at 14 days after

dose 2 for accelerated schedules.

RESULTS

A total of 505 subjects were enrolled, 209 (41%) of whom were

men and 296 (59%) of whom were women. The majority, 399,

of subjects were white (79%), 73 (14%) were black, 18 (4%)

were Asian, and the remainder were of other races. The mean age

was 34.3 years (range, 18.2–49.8 years). Four hundred and

ninety-one subjects were vaccinated and had serum obtained at

time 0 for HAI testing (Table 2).

Figure 4. Geometric mean titer (GMT) plots of serum hemagglutinating inhibiting (HI) antibody to A/Indonesia/05 antigen among the 9 vaccine groups
are shown. Symbols on the x-axis of each subpanel indicate the day of vaccination with A/Vietnam/04 vaccine (V), A/Indonesia/05 vaccine (I), or both (B).
Statistical comparisons (a) to assess long-interval vaccine schedule in group 5 versus group 8 (P5 .03), (b) to assess monovalent vaccine versus bivalent
vaccine in 5 versus group 7 (P ..99),5 (c) to assess heterologous boost after a 1-month interval in group 5 versus group 6 (P 5 .001), (d) to assess
heterologous boost after a long rest interval in group 5 versus group 9 (P 5 .59) and group 8 versus group 9 (P 5 .72), and (e) to assess interval of
heterologous boost in group 6 versus group 9 (P<.001).
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Adverse reactions were largely local and most often present

on day 0 (Figure 1). Systemic reactions were mostly mild or

moderate (Figure 2) and did not cluster in any single group

preferentially (data not shown). Two unrelated serious adverse

events occurred; one subject died from drowning, and another

subject was hospitalized with diverticulitis.

Immunogenicity results are presented for geometric mean HI

antibody to A/Vietnam/04 antigen (Figure 3) or A/Indonesia/05

antigen (Figure 4) and in Figures 5 and 6 for geometric mean

Neut antibody to A/Vietnam/04 virus or A/Indonesia/05 virus.

Accelerated Vaccine Schedule
The schedule of vaccine administration influenced the anti-

body responses to A/Vietnam/04 vaccine. Subjects given 2

doses of A/Vietnam/04 vaccine separated by only 7 days

(Figure 3) had low maximal GMT HI (18.5) at day 21 (14 days

after dose 2). Subjects given 2 doses of A/Vietnam/04 vaccine

separated by 14 (group 3) or 28 days (group 4) had higher

maximal GMT, compared with that for the day 0 and 7

(group 2) schedule (HI of 33.2 on day 21 for the day 0 and

14 schedule, and HI of 30.9 on day 49 for the day 0 and 28

schedule), but this did not achieve statistical significance. The

Neut data recapitulated these findings, except that the Neut

antibody response to the day 0 and 7 schedule was signifi-

cantly lower than the response to the day 0 and 28 schedule

(Figure 5; group 2 vs 4, P5 .029).

Long Rest Interval
The vaccine schedule was examined for A/Indonesia/05 vaccine

for the day 0 and 28 schedule (group 5; Figure 4) and day 0 and

180 schedule (group 8; Figure 4). The longer interval between

doses resulted in higher HI (GMT for day 208 vs day 56, 58.7 vs

27.6; P 5 .030) and Neut antibody (185.4 vs 63.8; Figure 6;

P , .001).

Figure 5. Geometric mean titer (GMT) plots of serum microneutralizing (Neut) antibody to A/Vietnam/04 antigen among the 9 vaccine groups are
shown. Symbols on the x-axis of each subpanel indicate the day of vaccination with A/Vietnam/04 vaccine (V), A/Indonesia/05 vaccine (I), or both (B).
Statistical comparisons (a) to assess vaccine schedule in group 4 versus group 2 (P 5 .03) and in group 4 versus group 3 (P 5 .74), (b) to assess
monovalent vaccine versus bivalent vaccine in group 4 versus group 7 (P5 .006), (c) to assess heterologous boosting in group 4 versus group 6 (P5 .01),
(d) to assess heterologous boosting after a long rest group 4 versus group 9 (P<.001; and group 6 versus group 9 (P<.001), and (e) to assess heterologous
boost versus bivalent vaccine in group 6 versus group 7 (P ,.99).
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Cross-Reacting Antibody
Little cross-reacting antibody against A/Indonesia/05 antigen

was induced by 2 doses of A/Vietnam/04 vaccine (groups 2, 3,

and 4; Figures 4 and 6), and similarly, little or no cross-reacting

antibody to A/Vietnam/04 antigen was induced by 2 doses of

A/Indonesia/05 vaccine (groups 5 and 8; Figures 3 and 5). This

was true regardless of the vaccine schedule, and it was true for

both HI and Neut antibody.

One dose of A/Vietnam/04 vaccine was priming for a re-

sponse to a booster with heterologous vaccine, A/Indonesia/05.

Despite the lack of developing cross-reacting antibody after 2

doses of A/Vietnam/04 vaccine, one dose of A/Vietnam/04

vaccine followed by 1 dose of the heterologous vaccine

A/Indonesia/05 resulted in antibody to both A/Vietnam/04

antigen and A/Indonesia/05 antigen (group 6, HI GMT 13.6

to A/Vietnam/04 vaccine and 10.1 to A/Indonesia/05 vaccine

at day 56; Figures 3 and 4). Although antibodies were present

at lower titers than that seen with 2 doses of homologous

vaccine, this did not achieve statistical significance for

A/Vietnam/04 antigen; however, this was significant for

A/Indonesia/05 antigen (A/Vietnam/04 antigen HI GMT

on day 56, 22.9 for group 4 vs 13.6 for group 6; P 5 .372;

A/Indonesia/05 vaccine HI GMT on day 56, 27.6 for group 5

vs 10.1 for group 6; P 5 .001). These data were also reflected

in the Neut antibody results (Figures 5 and 6; P, .05 for each

comparison).

Combining both antigens in half doses resulted in responses

to both viruses. HI antibody to A/Indonesia/05 antigen after

A/Indonesia/05 vaccine alone or after combined 45 lg of

A/Vietnam/04 vaccine plus 45 lg of A/Indonesia/05 vaccine at

days 0 and 28 was not significantly different (group 5 vs group 7,

P..99). A/Vietnam/04 vaccine response was lower but not

significantly so, compared with the response to the combined

regimen (group 6 vs group 7, P ..99).

Figure 6. Geometric mean titer (GMT) plots of serum microneutralizing (Neut) antibody to A/Indonesia/05 antigen among the 9 vaccine groups are
shown. Symbols on the x-axis of each subpanel indicate the day of vaccination with A/Vietnam/04 vaccine (V), A/Indonesia/05 vaccine (I), or both (B).
Statistical comparisons (a) to assess long-interval vaccine schedule in group 5 versus group 8 (P<.001), (b) to assess monovalent vaccine versus bivalent
vaccine in group 5 versus group 7 (P..99), (c) to assess heterologous boost after a 1-month interval in group 5 versus group 6 (P<.001), (d) to assess
heterologous boost after a long rest interval in group 5 versus group 9 (P 5 .93) and group 8 versus group 9 (P 5 .002), and (e) to assess interval of
heterologous boost in group 6 versus group 9 (P<.001).
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Cross-priming by A/Vietnam/04 vaccine for a response to

A/Indonesia/05 vaccine was long lived. A/Vietnam/04 vaccine at

day 0 followed by A/Indonesia/05 vaccine at day 180 resulted in

antibody to A/Indonesia/05 antigen (GMT for group 9, 41.3)

compared with 2 doses of A/Indonesia/05 vaccine at days

0 and 180 (GMT for group 8, 58.7) or 2 doses of A/Indonesia/05

vaccine at days 0 and 28 (GMT for group 5, 27.6). The longer

interval between doses improved the magnitude of the cross-

priming response to A/Indonesia/05 vaccine (HI GMT for group

6 on day 56 vs group 9 on day 208, 10.1 vs 41.3; P , .001).

The longer interval between doses also resulted in higher

immune responses to the primary antigen, A/Vietnam/04 after

a heterologous boost with A/Indonesia/05 vaccine. A/Vietnam/

04 vaccine followed by A/Indonesia/05 vaccine at day 28 gave

a GMT of HI to A/Vietnam/04 antigen of 13.6 (group 6), but

A/Vietnam/04 vaccine followed by A/Indonesia/05 vaccine at

day 180 gave a GMT of HI to A/Vietnam/04 vaccine of 39.7 at

day 208 (group 9, P 5 .009).

Discussion

Although the immune responses are modest in this study, the

results suggest several general principles for vaccination against

potential avian pandemic influenza. To induce antibody titers

that are expected to provide protection against influenza virus

with novel HA antigens requires 2 doses of vaccine. Accelerated

vaccination schedules as short as doses administered on days 0

and 7 induce some antibody, but doses at administered at days 0

and 14 or days 0 and 28 were better, and no differences were

found between levels of antibody induced between day 0 and 14

and day 0 and 28 schedules. It will be important to examine

adjuvanted vaccine to see whether these same principles apply

but with larger antibody responses.

The longer interval (180 days) between priming and boosting

vaccine doses gave the best antibody responses, although in

a fast-moving pandemic, this is unlikely to be an option. Sig-

nificantly higher titers of antibodies were found when 6 months

elapsed between priming with one H5 antigen and boosting with

another H5, compared with the day 0 and 28 schedule or si-

multaneous administration of antigens. Preimmunization of at

risk persons with one dose of antigenically distantly related H5

should be considered as a public health option to reduce the

need to use 2 doses of vaccine in the event of a pandemic.

One dose of heterologous vaccine primed for a different an-

tigen of the same HA subtype. In this regard, the experience with

H5 is very much like the clinical experience with 2009 H1 vac-

cine, in which persons 10 years of age and older responded to

a single dose of 2009 H1 HA subunit vaccine. Presumably,

previous H1 infection, although antigenically distant for the

2009 H1, had primed them for a response to the new virus [12].

Despite 2009 H1HA being very distant antigenically from recent

seasonal H1 viruses, the responses to a single dose (15 lg) were
vigorous in older children and adults [12].

The results of the present study confirm the usefulness of

vaccination with an H5 strain that is antigenically out of date.

Despite the significant antigenic drift over time, the A/Vietnam/

04 vaccine primed for an antibody response to A/Indonesia/05

vaccine. The large doses of antigen used in the present study

(90 lg) might be reduced by using adjuvant. The present study

did not evaluate lower doses of antigen. Previously primed in-

dividuals might respond to lower doses of H5 HA vaccine, and

this needs to be determined in clinical trials. The subjects primed

with 1 or 2 doses of Vietnam/04 vaccine in groups 1 and 4 in the

present study may be suitable to evaluate additional strategies of

subsequent boosts with or without adjuvant in a follow-up study.
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