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There is an urgent need for a vaccine that is effective against the 2009 pandemic
influenza A (H1N1) virus.
Methods

A split-virus, inactivated candidate vaccine against the 2009 H1N1 virus was manufactured, and we evaluated its safety and immunogenicity in a randomized clinical
trial. Subjects were between 3 and 77 years of age, stratified into four age groups.
The immunization schedule consisted of two vaccinations, 21 days apart. Subjects
were injected with placebo or with vaccine, with or without alum adjuvant, at doses
of 7.5 μg, 15 μg, or 30 μg. Serologic analysis was performed at baseline and on days
21 and 35.
Results

A total of 2200 subjects received one dose, and 2103 (95.6%) received the second
dose, of vaccine or placebo. No severe adverse side effects associated with the vaccine were noted. In the nonadjuvanted-vaccine groups, injection-site or systemic
reactions, most mild in nature, were noted in 5.5 to 15.9% of subjects. Among the
subjects receiving 15 μg of nonadjuvanted vaccine, a hemagglutination-inhibition
titer of 1:40 or more was achieved by day 21 in 74.5% of subjects between 3 and 11
years of age, 97.1% of subjects between 12 and 17 years, 97.1% of subjects between
18 and 60 years, and 79.1% of subjects 61 years of age or older; by day 35, the titer
had been achieved in 98.1%, 100%, 97.1%, and 93.3% of subjects, respectively. The
proportion with a titer of 1:40 or more was generally highest among the subjects
receiving 30 μg of vaccine, with or without adjuvant. Vaccine without adjuvant was
associated with fewer local reactions and greater immune responses than was vaccine with adjuvant.
Conclusions

These data suggest that a single dose of 15 μg of hemagglutinin antigen without
alum adjuvant induces a typically protective immune response in the majority of
subjects between 12 and 60 years of age. Lesser immune responses were seen after
a single dose of vaccine in younger and older subjects. (ClinicalTrials.gov number,
NCT00975572.)
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R

ecently, a novel swine-origin influenza A (H1N1) virus was identified as
the cause of large numbers of febrile respiratory illnesses in Mexico and the United
States.1,2 It rapidly spread to many countries
around the world, prompting the World Health
Organization to declare a pandemic on June 11,
2009.3 An important method of controlling this
pandemic will be large-scale immunization. Currently used trivalent seasonal-influenza vaccines
are unlikely to provide protection against the
new 2009 pandemic influenza A (H1N1) virus4;
hence, there is an urgent need to develop a vaccine against it. On July 29, 2009, the Advisory
Committee on Immunization Practices tentatively concluded that children under 9 years of age
may need to be given two doses of vaccine to
elicit sufficient immunogenic reactivity against
the 2009 H1N1 virus.5
In response to the pandemic, a novel vaccine
against the virus strain A/California/07/2009
(H1N1) has been developed and recently was approved for sale in China. This report details the
findings of a randomized, placebo-controlled,
double-blind clinical trial of the safety and immunogenicity profile of this influenza A (H1N1)
2009 monovalent vaccine. In addition, we evaluated the role of alum adjuvant in the vaccine
formulation, the optimal amount of antigen,
and the need for second doses in children or
elderly people.

Me thods
Study Design and Objective

From July 2009 through August 2009, we enrolled
a total of 2200 subjects between the ages of 3 years
and 77 years in a stratified, randomized, doubleblind, placebo-controlled, clinical trial in Taizhou,
Jiangsu Province, China. The study was sponsored by Hualan Biological Bacterin Company.
The study was conducted and the data were gathered by the nonindustry investigators, and the
data analysis was conducted by Southeast University; all the authors drafted the manuscript and
made the decision to submit it for publication.
The sponsor did not influence these activities.
All the authors had full access to the data, which
were held by Southeast University, and all vouch
for the accuracy and completeness of the data
and the analysis.
Approval for the study protocol was obtained

n engl j med 361;25

from the ethics committee of the Jiangsu Provincial Center for Disease Control and Prevention,
and the study was conducted in accordance with
the principles of the Declaration of Helsinki, the
standards of Good Clinical Practice (as defined
by the International Conference on Harmonization), and Chinese regulatory requirements, as
stipulated by the Chinese Food and Drug Administration. Written informed consent was obtained from each subject or his or her legal
representative.
The study subjects received either vaccine or
placebo. The vaccine was administered at various
doses, with or without alum adjuvant. The primary immunologic end points were the proportions of subjects with an increase in the hemagglutination-inhibition titer by a factor of 4 or
more on day 21 after the first dose and on day
35 (14 days after the second dose). The second
dose was administered on day 21, after data for
the primary end point had been collected. The
primary safety end points were the presence of
any systemic reaction or injection-site reaction
21 days after the first dose and 14 days after the
second dose.
Vaccine

The influenza A (H1N1) 2009 monovalent, splitvirus vaccine was developed by Hualan Biological
Bacterin Company, and the seed virus was prepared from reassortant vaccine virus A/California/7/2009 NYMC X-179A (New York Medical College, New York), distributed by the Centers for
Disease Control and Prevention in the United
States. This strain was recommended by the
World Health Organization and obtained from
the Chinese Food and Drug Administration.6 The
vaccine was prepared in embryonated chicken
eggs according to the same standard techniques
that are used for the production of trivalent inactivated vaccine against seasonal influenza. In
brief, the virus was harvested from the egg cultures and inactivated with the use of formaldehyde. The virus was concentrated, purified, and
further sterilized by means of chromatography
(on a Sepharose 4FF column) with Triton X-100.
The five experimental vaccines produced were
split-virus products of 30 μg of hemagglutinin
antigen with or without adjuvant, 15 μg of hemagglutinin antigen with or without adjuvant,
and 7.5 μg of hemagglutinin antigen with adjuvant. The adjuvant formulation contained 1.2 mg
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of alum per milliliter of solution. The placebo vaccine: adjuvant vaccine with 7.5 or 15 μg of
consisted of phosphate-buffered saline.
hemagglutinin antigen per dose or nonadjuvant
vaccine with 15 or 30 μg of hemagglutinin antiStudy Subjects
gen per dose.
Subjects were eligible to participate in the study
With 110 subjects per treatment group, the
if they were healthy, were 3 years of age or older, study had a statistical power of at least 80% to
did not have a history of infection with the 2009 detect a seroconversion rate of more than 40%
H1N1 virus, and had not received an influenza A in each group. The randomization schedule was
(H1N1) 2009 monovalent vaccine, and if they or created with the use of SAS software (version
their guardians confirmed that they understood 9.1). The block size was defined by an indepenthe study procedures, provided written informed dent statistician at Southeast University (Nanjing,
consent, and agreed to keep a daily record of China). Randomization-code numbers were assymptoms. Adverse events were coded according signed to subjects in chronological order by the
to the requirements of the Chinese Food and investigator.
Subjects and investigators were unaware of
Drug Administration. These requirements are
based on documents published by the Division of the formulation of the study vaccine that was
Microbiology and Infectious Diseases of the Na- administered. Injections were given intramuscutional Institutes of Allergy and Infectious Dis- larly, in the deltoid muscle. After an on-site
eases that provide a grading system to classify safety observation of 30 minutes’ duration, subadverse effects in adult and pediatric patients.7,8 jects or their guardians were asked to record
Women between 16 and 50 years of age were also underarm body temperature and data on injecrequired to have a negative pregnancy test at the tion-site reactions and systemic reactions at 6,
24, 48, and 72 hours and at 7, 14, and 21 days,
time of screening and before each vaccination.
The study subjects were classified into four in a diary provided by the investigators. Serum
age categories: 61 years of age or older, 18 to 60 samples were collected three times: on day 0
years of age, 12 to 17 years of age, and 3 to 11 (before the first vaccination), day 21 (before the
years of age. The general rationale for the age second vaccination), and day 35 (14 days after
divisions was as follows: young children, de- the second vaccination).
fined as those 3 to 11 years of age, attend kindergartens or primary schools; adolescents, de- Assays
fined as those 12 to 17 years of age, attend The titer of antibodies against the vaccine strain
junior high school or high school; adults, de- was measured in all samples by means of hemagfined as those 18 to 60 years, work outside the glutination-inhibition assays, which were perhome; and the elderly, defined as those 61 years formed in accordance with established proceor older, are retired and often live with family. dures and with the use of turkey erythrocytes.9 In
Hence, the four age groups have different social- brief, samples were treated with cholera filtrate
ization patterns and thus different risks of expo- at 36°C for 16 hours and were then tested at dilusure to the virus.
tions of 1:10 and 1:20. Titers of anti–hemagglutiEach treatment group had 110 subjects (Fig. nin antigen antibodies that were below the de1). Subjects in the elderly and adolescent cohorts tection limit (i.e., <1:10) were assigned a value of
were each randomly assigned to receive one of 1:5, and titers above 1:5120 were assigned a value
five doses of vaccine: adjuvant vaccine with 7.5, of 1:5120. All samples were assayed in a blinded
15, or 30 μg of hemagglutinin antigen per dose manner, in duplicate, and were double-checked
or nonadjuvant vaccine with 15 or 30 μg of he- by two investigators at the Chinese National Inmagglutinin antigen per dose. The adult subjects stitute for the Control of Pharmaceuticals and
were randomly assigned to receive placebo or Biological Products.
one of five doses of vaccine: adjuvant vaccine
The results of immunogenicity assays perwith 7.5, 15, or 30 μg of hemagglutinin antigen formed 21 days after the first vaccination and 14
per dose or nonadjuvant vaccine with 15 or 30 days after the second vaccination were compared
μg of hemagglutinin antigen per dose. The sub- with the results obtained at baseline. In addijects who were 3 to 11 years of age were ran- tion, the numbers of subjects who underwent
domly assigned to receive one of four doses of seroconversion were noted and compared with
2416
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2451 Subjects were enrolled
251 Did not undergo
randomization

2200 Underwent randomization

550 Were ≥61 yr

660 Were 18–60 yr

550 Were 12–17 yr

440 Were 3–11 yr

550 Received first vaccine dose
and had data included in first
safety analysis
110 Received 7.5 µg with adjuvant
110 Received 15 µg with adjuvant
110 Received 30 µg with adjuvant
110 Received 15 µg without
adjuvant
110 Received 30 µg without
adjuvant

660 Received first vaccine dose
and had data included in first
safety analysis
110 Received 7.5 µg with adjuvant
110 Received 15 µg with adjuvant
110 Received 30 µg with adjuvant
110 Received 15 µg without
adjuvant
110 Received 30 µg without
adjuvant
110 Received placebo

550 Received first vaccine dose
and had data included in first
safety analysis
110 Received 7.5 µg with adjuvant
110 Received 15 µg with adjuvant
110 Received 30 µg with adjuvant
110 Received 15 µg without
adjuvant
110 Received 30 µg without
adjuvant

440 Received first vaccine dose
and had data included in first
safety analysis
110 Received 7.5 µg with adjuvant
110 Received 15 µg with adjuvant
110 Received 15 µg without
adjuvant
110 Received 30 µg without
adjuvant

535 Had data included in first
serologic analysis
108 Received 7.5 µg with adjuvant
107 Received 15 µg with adjuvant
108 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
107 Received 30 µg without
adjuvant

630 Had data included in first
serologic analysis
107 Received 7.5 µg with adjuvant
102 Received 15 µg with adjuvant
105 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
108 Received 30 µg without
adjuvant
103 Received placebo

523 Had data included in first
serologic analysis
106 Received 7.5 µg with adjuvant
106 Received 15 µg with adjuvant
105 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
101 Received 30 µg without
adjuvant

416 Had data included in first
serologic analysis
102 Received 7.5 µg with adjuvant
104 Received 15 µg with adjuvant
106 Received 15 µg without
adjuvant
104 Received 30 µg without
adjuvant

535 Received second vaccine
dose and had data included in
second safety analysis
108 Received 7.5 µg with adjuvant
107 Received 15 µg with adjuvant
108 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
107 Received 30 µg without
adjuvant

629 Received second vaccine
dose and had data included in
second safety analysis
107 Received 7.5 µg with adjuvant
102 Received 15 µg with adjuvant
105 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
108 Received 30 µg without
adjuvant
102 Received placebo

523 Received second vaccine
dose and had data included in
second safety analysis
106 Received 7.5 µg with adjuvant
106 Received 15 µg with adjuvant
105 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
101 Received 30 µg without
adjuvant

416 Received second vaccine
dose and had data included in
second safety analysis
102 Received 7.5 µg with adjuvant
104 Received 15 µg with adjuvant
106 Received 15 µg without
adjuvant
104 Received 30 µg without
adjuvant

533 Had data included in second
serologic analysis
107 Received 7.5 µg with adjuvant
107 Received 15 µg with adjuvant
107 Received 30 µg with adjuvant
105 Received 15 µg without
adjuvant
107 Received 30 µg without
adjuvant

614 Had data included in second
serologic analysis
105 Received 7.5 µg with adjuvant
100 Received 15 µg with adjuvant
102 Received 30 µg with adjuvant
102 Received 15 µg without
adjuvant
106 Received 30 µg without
adjuvant
99 Received placebo

508 Had data included in second
serologic analysis
104 Received 7.5 µg with adjuvant
102 Received 15 µg with adjuvant
102 Received 30 µg with adjuvant
101 Received 15 µg without
adjuvant
99 Received 30 µg without
adjuvant

414 Had data included in second
serologic analysis
102 Received 7.5 µg with adjuvant
102 Received 15 µg with adjuvant
106 Received 15 µg without
adjuvant
104 Received 30 µg without
adjuvant

Figure 1. Enrollment and Follow-up of the Study Subjects.
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(Fig. 1, and Table 2 in the Supplementary Appendix, available with the full text of this article at
NEJM.org). Data from all vaccinated subjects
were included in the safety analysis. Immunogenicity data on the effects of the first and second
vaccinations were available for 2104 and 2069
subjects, respectively.

Statistical Analysis

The likelihood-ratio chi-square test or Fisher’s
exact test was used to compare the number of
subjects in each treatment group who had a local
(injection-site) or systemic reaction within 21
days after vaccination.
The primary immunologic end points were
the proportions of subjects with an increase in
the hemagglutination-inhibition titer by a factor
of 4 or more after the first and second vaccine
doses. Specifically, seroconversion was considered to have occurred when the hemagglutination-inhibition titer was less than 1:10 before
vaccination and was 1:40 or more after vaccination or the titer was 1:10 or more before vaccination and increased to at least four times the
baseline level after vaccination. Other end points
regarding hemagglutination inhibition included
the geometric mean titer, the geometric mean
increase (i.e., the ratio of the titer after vaccination to the titer before vaccination), and the
proportion of subjects with a titer of 1:40 or
more. Modeling of the geometric mean titers
and geometric mean increases was conducted
with the use of generalized linear models, which
included the effects of adjuvant status, dose, and
age. Logistic regression was used to model the
rate of adverse reactions, the proportion of subjects with an increase in the hemagglutinationinhibition titer by a factor of 4 or more, and the
proportion with a titer of 1:40 or more, according to adjuvant status, dose, and age. Safety data
were summarized descriptively.
Hypothesis testing was conducted with the
use of two-sided tests, with an alpha value of
0.05 considered to indicate statistical significance. All statistical analyses were performed by
means of SAS software (version 9.1).

Safety

Injection-site and systemic reactions are shown in
Table 1. Most reactions were mild; grade 3 reactions — corresponding to an inability to perform
usual social and functional activities7,8 — occurred in 0.0 to 1.8% of the study subjects (Table
1, and Tables 3, 4, and 5 in the Supplementary
Appendix). Only one severe adverse event was reported, in a subject who received placebo: hospitalization for atrial fibrillation on the day after the
first injection. Thus, no serious, vaccine-related
adverse events or unexpected events were recorded. Analysis of the factors associated with the
rate of local or systemic reactions suggested that
the presence of adjuvant and receipt of the second dose were associated with a higher rate of
local reactions (P<0.001 and P = 0.002, respectively) (Table 6 in the Supplementary Appendix).
For systemic reactions, age was the only factor
with significant effects on the rate: subjects 12 to
17 years of age had systemic reactions most frequently, followed by subjects 3 to 11 years of age,
those 18 to 60 years of age, and those 61 years of
age or older (Table 7 in the Supplementary Appendix). The most common injection-site reaction after vaccination was pain, which occurred
in 10.5 to 26.7% of subjects; the most frequently
reported systemic reaction was fever, which occurred in 11.5 to 18.0% of subjects (Table 8 in the
Supplementary Appendix). The prevalence of an
adverse event was similar among subjects with
detectable hemagglutination-inhibition antibodies against the vaccine strain and in those without detectable antibodies.
Immune Response

The proportion with a hemagglutination-inhibition titer of 1:40 or more was 1.1 to 6.0% at baseline in the four age groups (Table 2, and Table 9
R e sult s
in the Supplementary Appendix). HemagglutinaStudy Subjects
tion-inhibition antibodies against the vaccine
A total of 2200 subjects between 3 and 77 years strain were detected on day 21 after the first dose
of age received the first dose of vaccine, and 2103 and also 14 days after the second dose (day 35).
(95.6%) received the second dose, 21 days later The proportion with a titer of 1:40 or more and
2418
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Table 1. Injection-Site and Systemic Reactions within 21 Days after the First or Second Dose of Nonadjuvanted Vaccine or Placebo,
According to Age Group.
3–11 Yr
(N = 440)

Dose and Reaction Intensity*

12–17 Yr
(N = 550)

18–60 Yr
(N = 660)

≥61 Yr
(N = 550)

Total
(N = 2200)

percent of subjects (95% CI)
Injection-site reaction at day 21 (after first dose)
15 μg
Reaction of any intensity

10.9 (5.8–18.3)

2.7 (0.6–7.8)

9.1 (4.5–16.1)

0.9 (0.0–5.0)

5.9 (3.9–8.5)

0.0 (0.0–3.3)

0.0 (0.0–3.3)

1.8 (0.2–6.4)

0.0 (0.0–3.3)

0.5 (0.1–1.6)

Reaction of any intensity

6.4 (2.6–12.7)

6.4 (2.6–12.7)

6.4 (2.6–12.7)

2.7 (0.6–7.8)

5.5 (3.5–8.0)

Grade 3 reaction

1.8 (0.2–6.4)

0.0 (0.0–3.3)

1.8 (0.2–6.4)

0.9 (0.0–5.0)

1.1 (0.4–2.6)

Grade 3 reaction
30 μg

Placebo
Reaction of any intensity

2.7 (0.6–7.8)

2.7 (0.6–7.8)

Grade 3 reaction

0.0 (0.0–3.3)

0.0 (0.0–3.3)

Systemic reaction at day 21 (after first dose)
15 μg
Reaction of any intensity

13.6 (7.8–21.5)

Grade 3 reaction

0.0 (0.0–3.3)

19.1 (12.2–27.7) 10.9 (5.8–18.3)
0.0 (0.0–3.3)

0.0 (0.0–3.3)

4.6 (1.5–10.3)

12.0 (9.2–15.5)

0.0 (0.0–3.3)

0.0 (0.0–0.8)

10.9 (5.8–18.3)

15.9 (12.6–19.7)

0.9 (0.0–5.0)

0.7 (0.1–2.0)

30 μg
Reaction of any intensity

25.5 (17.6–34.7) 17.3 (10.7–25.7) 10.0 (5.1–17.2)

Grade 3 reaction

1.8 (0.2–6.4)

0.0 (0.0–3.3)

0.0 (0.0–3.3)

Placebo
Reaction of any intensity
Grade 3 reaction

11.8 (6.5–19.4)

11.8 (6.5–19.4)

0.9 (0.0–5.0)

0.9 (0.0–5.0)

Injection-site reaction at day 35 (after second dose)
15 μg
Reaction of any intensity

10.4 (5.3–17.8)

7.6 (3.4–14.5)

6.7 (2.7–13.3)

4.8 (1.6–10.8)

7.4 (5.1–10.3)

0.0 (0.0–3.4)

0.0 (0.0–3.5)

0.0 (0.0–3.5)

0.0 (0.0–3.5)

0.0 (0.0–0.9)

Reaction of any intensity

7.7 (3.4–14.6)

7.9 (3.5–15.0)

4.6 (1.5–10.5)

11.2 (5.9–18.8)

7.9 (5.5–10.9)

Grade 3 reaction

0.0 (0.0–3.5)

0.0 (0.0–3.6)

0.9 (0.0–5.1)

0.9 (0.0–5.1)

0.5 (0.1–1.7)

Grade 3 reaction
30 μg

Placebo
Reaction of any intensity

2.9 (0.6–8.4)

2.9 (0.6–8.4)

Grade 3 reaction

0.0 (0.0–3.6)

0.0 (0.0–3.6)

Systemic reaction at day 35 (after second dose)
15 μg
Reaction of any intensity
Grade 3 reaction

11.3 (6.0–18.9)

16.2 (9.7–24.7)

3.8 (1.1–9.5)

1.9 (0.2–6.7)

8.3 (5.9–11.4)

0.0 (0.0–3.4)

0.0 (0.0–3.5)

0.0 (0.0–3.5)

0.0 (0.0–3.5)

0.0 (0.0–0.9)

11.5 (6.1–19.3)

18.8 (11.7–27.8)

7.4 (3.3–14.1)

7.5 (3.3–14.2)

11.2 (8.3–14.6)

1.0 (0.0–5.2)

0.0 (0.0–3.6)

0.0 (0.0–3.4)

0.0 (0.0–3.4)

0.2 (0.0–1.3)

30 μg
Reaction of any intensity
Grade 3 reaction
Placebo
Reaction of any intensity

7.8 (3.5–14.9)

7.8 (3.5–14.9)

Grade 3 reaction

0.0 (0.0–3.6)

0.0 (0.0–3.6)

* A grade 3 reaction was one that resulted in an inability to perform usual social and functional activities.
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Table 2. Hemagglutination-Inhibition Titer of 1:40 or More among Subjects Receiving Nonadjuvanted Vaccine, According to Age Group.
Day and Dose

3–11 Yr

12–17 Yr

≥61 Yr

18–60 Yr

All

percent of subjects (95% CI)
Day 0

1.1 (0.4–2.6)

6.0 (4.2–8.3)

4.3 (2.8–6.3)

4.0 (2.5–6.0)

4.0 (3.2–4.9)

Day 21 (after first dose)
15 μg

74.5 (65.1–82.5)

97.1 (91.9–99.4)

97.1 (91.9–99.4)

79.1 (70.0–86.4)

86.9 (83.3–90.0)

30 μg

82.7 (74.0–89.4)

97.0 (91.6–99.4)

92.6 (85.9–96.8)

84.1 (75.8–90.5)

89.1 (85.7–91.9)

Placebo

10.7 (5.5–18.3)

10.7 (5.5–18.3)

Day 35 (after second dose)
15 μg

98.1 (93.4–99.8)

100 (96.4–100)

97.1 (91.6–99.4)

93.3 (86.8–97.3)

97.1 (95.0–98.5)

30 μg

98.1 (93.2–99.8)

100 (96.3–100)

98.1 (93.4–100)

96.3 (90.7–99.0)

98.1 (96.3–99.2)

Placebo

11.1 (5.7–19.0)

11.1 (5.7–19.0)

Table 3. Geometric Mean Titer of Hemagglutination-Inhibition Antibodies among Subjects Receiving Nonadjuvanted Vaccine, According to
Age Group.*
Day and Dose

3–11 Yr

12–17 Yr

≥61 Yr

18–60 Yr

All

geometric mean titer (95% CI)
Day 0

5.8 (5.6–6.0)

7.3 (6.9–7.8)

6.9 (6.5–7.2)

6.3 (6.0–6.7)

6.6 (6.4–6.8)

Day 21 (after first dose)
15 μg

64.1 (51.1–80.3)

430.7 (330.0–562.1)

237.8 (184.3–306.8)

122.1 (88.8–167.8)

167.8 (144.6–194.8)

30 μg

66.4 (55.4–79.5)

680.8 (501.3–924.5)

370.9 (267.7–513.8)

178.6 (130.6–244.3)

232.7 (197.4–274.4)

Placebo

8.3 (7.0–9.8)

8.3 (7.0–9.8)

Day 35 (after second dose)
15 μg

161.1 (134.0–193.5)

444.9 (356.6–555.0)

212.9 (173.9–260.5)

170.9 (135.6–215.4)

224.4 (200.9–250.7)

30 μg

165.4 (141.8–193.0)

518.8 (412.6–652.3)

311.7 (243.8–398.6)

210.0 (171.3–257.5)

271.3 (242.6–303.5)

Placebo

9.9 (8.1–12.0)

9.9 (8.1–12.0)

* Anti–hemagglutinin antigen antibody titers below the detection limit (i.e., <1:10) were assigned a value of 1:5 for purposes of calculating the
geometric mean titer.

the proportion with an increase in the hemagglutination-inhibition titer by a factor of 4 or more,
according to treatment group, are listed in Table
10 in the Supplementary Appendix. Logistic-regression modeling showed that dose, adjuvant
status, and age significantly affected the proportion of subjects with a titer of 1:40 or more and
the proportion with an increase in the hemagglutination-inhibition titer by a factor of 4 or more
after the first dose (P<0.001 for all comparisons)
(Tables 11 and 12, respectively, in the Supplementary Appendix). Vaccine formulations without adjuvant were more immunogenic than formulations with adjuvant. There was also a
dose-dependent antibody response; the dose of
30 μg was the most immunogenic, with the proportion of subjects with a titer of 1:40 or more
highest among subjects 12 to 17 years of age, fol2420
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lowed by subjects 18 to 60 years of age, subjects
3 to 11 years of age, and subjects 61 years of age
or older. The proportion of subjects with a titer of
1:40 or more among those receiving nonadjuvant
vaccine was 74.5 to 97.1% after the first dose and
increased to 93.3 to 100% after the second dose
(Table 2).
The results were similar for the geometric
mean titer and the geometric mean increase
from baseline: the highest values in the adolescent and adult cohorts were seen with formulations without adjuvant and at higher doses (Tables
13, 14, and 15 in the Supplementary Appendix).
Among the children, both the geometric mean
titer and geometric mean increase rose significantly after the second vaccination. In contrast,
in the other age groups, the antibody levels did
not rise significantly after the second dose
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Figure 2. Cumulative Distribution Curves for Titers of Hemagglutination-Inhibition Antibodies on Day 21 (after the
First Dose of Vaccine) and DayAUTHOR:
35 (after Zhu
the Second Dose), According toRETAKE:
Treatment1st
Group and Age Group.
2nd
The percentages of subjects with
hemagglutination-inhibition
titers
are
shown
for
children
(Panels A and B), adolesFIGURE: 2 of 2
3rd
cents (Panels C and D), adults (Panels E and F), and elderly subjects (Panels
G and H). The limit of detection was a
Revised
MRL
titer of 1:10. Titers are expressedARTIST:
as the reciprocal
of the dilution.
SIZE
TYPE:

Line

Combo

4-C

H/T

6 col
33p9

AUTHOR,
PLEASE NOTE:
n engl j med 361;25
nejm.org
december 17, 2009
Figure has been redrawn and type has been reset.
Please
check
carefully.
The New England Journal of Medicine

Downloaded from nejm.org on January 28, 2012. For personal use only. No other uses without permission.
JOB: 36125
ISSUE: 12-17-09
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

2421

The

n e w e ng l a n d j o u r na l

among the subjects who received the nonadjuvanted vaccine. After the first and second vaccinations, antibody levels did not differ significantly between the groups receiving the 15-μg
dose of nonadjuvanted vaccine and the groups
receiving the 30-μg dose of nonadjuvanted vaccine (Table 3).
The antibody titers after the first and second
doses of vaccine support the findings of higher
immunogenicity of the vaccine formulations
without adjuvant and of the higher doses, among
adolescents and adults (Fig. 2).

Discussion
Recently, Greenberg et al.12 reported that a single
15-μg dose of split-virus 2009 H1N1 vaccine was
immunogenic in healthy adults 18 to 64 years of
age, with mild-to-moderate vaccine-associated
reactions. However, because children and the elderly were not included in the study, it not known
whether a second dose of 2009 H1N1 vaccine
would be necessary to induce sufficient immunity in these populations.
The results of our study show that 2009 H1N1
vaccine is associated with an acceptable safety
profile for adults as well as children and elderly
people. The level of immunity induced by the first
dose of the vaccine appears to be influenced by
the presence or absence of alum adjuvant and the
age of the recipients (Tables 2 and 3, and Tables
10 through 15 in the Supplementary Appendix).
The vaccines formulated without alum adjuvant
were more effective in inducing an immune reaction in subjects than were vaccines with adjuvant.
This lack of enhancement by the use of alum adjuvant was consistent with data from previous
studies of other influenza vaccines.13,14 There
were no significant differences in the immunogenicity of the 15-μg and 30-μg doses of nonadjuvant vaccine (Tables 2 and 3), in line with the results reported by Greenberg et al.12 The immune
response to the vaccine varied among the age
groups. As in studies of seasonal influenza vaccine,15-17 age was an important factor associated
with the level of induced immunity in our study.

of

m e dic i n e

The immune responses in children and the
elderly, but not adults or adolescents, can be
substantially boosted by a second dose of vaccine (Tables 2 and 3). This finding is consonant
with the results of studies evaluating the effectiveness of seasonal influenza vaccination, which
showed that one dose of vaccine was highly immunogenic in healthy adults under 65 years of
age and that a second dose did not substantially
enhance the antibody response.18-20
In our study, depending on the age of the
subjects, the administration of a single 15-μg
dose of vaccine is associated with a proportion
of subjects with a titer of 1:40 or more of 74.5%
(95% confidence interval [CI], 65.1 to 82.5) to
97.1% (95% CI, 91.9 to 99.4) and a geometric
mean titer of 64.1 (95% CI, 51.1 to 80.3) to 430.7
(95% CI, 330.0 to 562.1). These results are consistent with the statutory or regulatory requirements of most governments for the use of vaccines.10,21
Although one dose of 15 μg of vaccine without adjuvant protects the majority of persons,
another dose given 21 days later will increase
the antibody response in children. The decision
about whether to administer two doses of vaccine in children will need to be made by public
health officials. One argument for a two-dose
vaccine schedule in children is the unusual epidemiology of the 2009 H1N1 pandemic: it affects younger age groups, including young children, and significant morbidity and mortality
appear to occur in these younger age groups.5
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