WHOLE-VIRUS F5N1 VACCINE DERIVED FROM CELL CULTURE

19 to 23) with an H5N1 whole-virus formulation
containing 3.75 ug, 7.5 ug, 15 ug, or 30 pg of
hemagglutinin antigen with a 0.2% alum adju-
vant or 7.5 ug or 15 pg of hemagglutinin antigen
without adjuvant. There was no placebo group.
Subjects and investigators were unaware of the
dose of vaccine administered within the sub-
groups (Fig. 1, and the Supplementary Appendix).
Blood samples were taken for serologic testing
before the first dose of vaccine and on day 21

after the first and second doses.

Using a diary provided by the investigarors,
subjects were asked to record daily oral body
temnperature (using study-issued digitai thermom-
eters), local reactions, and systemic adverse events

21 after each vaccination, subjects were asked to
return for a review of the diary and assessment

ASSAYS

“for any adverse events.

We evaluated all immunogenicity outcomes against
the influenza-virus strain used in the vaccine
(AfVietnam{1203/2004) according to hemaggluti-
nation-inhibition and virns-neutralization assays.
To assess cross-reactivity of antibodies, all assays
were also conducted with known related influ-
enza strains — for example, an original prototype
clade 3 strain (AfHong Kong/156/1997) and a
clade 2 strain (Afindonesiaj05/2005).

Using a hemagglutination-inhibition or virus-
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| Figure 1. Enrollment and Outcomes.
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Table 1. Proportion of Subjects with Injection-Site and Systemic Reactions within 7 Days after the First and Second Doses of Vaccine.

Variable
First dose
No. of subjects

Any
Pain
Erythema*
Swelling™
Induration*
Ecchymosis®
Systemic reaction
Any
Fever{
Headache
Malaise
Mya]gia
Shivering
Second dose

No. of subjects

. Any
Pain
Erythema®
Swelling®
{nduration®
Ecchymosis*
Syslemic reaction
-Any -
Fevery
Head'a::he
Malaise
Myalgia

Shivering

3.75 ug with 7.5 pg with

Injection-site reaction

Injection-site reaction

Adjuvant Adjuvant 7.5Apdgiuwv::: " lid}fgv‘::? 15:£:£::ut l zzdﬁfv‘:::
45 45 45 46 45 49
percent (95% confidence interval)

29 (16-44) 22 (11-37) 11 (4-24) 28 (16-43) 20 (10-35) 24 (13-39)
27 (15-42) 20 {10-35) 9 (2-21) 26 (14-41) 18 (8-32) 24 (13-39)
0 (0-8) 2 (0-12) 2(0-12) -, 4 (1-15) 0(0-3) 0 (0-7)
0 (0-8) 0 (0-8) 0 {0-8) 2 (0-12) 0 (0-8) 2 0-1 3}
0 (0-8) 2 (0-12) 0 (0-8) 0 (0-8) 4 (1-15) 2 {0-11)
0 (D-8) 0 (0-8) 0 (0-8) 0 (0-8) 2 {0-12) 2 (0-11)
51 (36-66) 31 (1847 38 (24-53) 30 (18-46) 47 (32-62) 18 {9-32)
2 (0-12) 4 (1-15) 0 (0-8) 4 (1-15) 2 (0-12) 2 (-11)
31 {18-47) 18 (8-32) 20 (10-35) 13 (5-26) 24 (13-40) 6 (1-17)
13 (5-27) 11 (4-24) 4 (1-15) 13 {5-26) 9 (2-21} 6(1-17)
9 (2-21) 16 (6-29) 401-15) 9 (2-21) 9 (2-21) 2 (0-11)
0(0-8) 9 (2-21) 7 (1-18) 9 (2-21) 2 (0-12) 0(0-7)
42 42 42 43 43 45
pereent (95% confidence interval)

17 {7-31) 12 (4-26) 14 {5-29) 19 (8-33) 16 (7-31) 13 (5-27) |
14 (5-29) 10 (3-23) 12 (4-26) 19 (8-33) 16 (7-31) 11 (4-24) ’
0 {0-8) 2 (0-13) 2 (0-13) 0 (0-8) 0 (0-8) "0 (0-8)
0 (0-8) 2 (0-13) 0 (0-8) 2 (0-12) 0 (0-8) 0 (0-8}
5 (1-1§) 0 (0-8) 0 [0-8) 2 (0-12) 0 (D-8) 0 (0-8)
0 {0-8) 2 (0-13) 0 (0-8) 0 (0-8) 2(0-12) 2 (0-12)

" 31 (18-47) 24 (12-39) 26 (14-42) 28 (15-44) 44 (29-60) 18 (8-32)
0 (0-8) .2 {013 5 (1-16) 0 {0-8) 7 (1-19) 2(0-12)
19 (9-34) 10 (3-23) 5 (1-16) 9 (3-22) 12 {4-25) 13 (5-27)

5 (1-16) 7 (1-19) 5 (1-16) 2 {0-12) 12 (4-25) 9 (2-21)
12 (4-26) 2 {0-13) 2 {0-13) 2 (0-12) 7 {119) 0 {0-8)
0 (0-8) 2 (0-13) 5 (1-16) 2(0-12) 7 (1-19} 0(0-8)

* Listed are injection-site reactions with 2 diameter of more than 1 cm.
F Fever was defined as an oral temperature of 38°C (100.4°F) or more.
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immunogenicity outcomes by analyzing the anti-
body response 21. days after the first and second
doses’ of vaccine; the increase in the antibody
response 21 days after the first and second doses,
as compared with baseline; and the number of
subjects with seroconversion (which we defined

as a minimum increase by a factor of 4 in the
titer) 21 days after the first and second doses, a
compared with baseline. )
The hemagglutination-inhibition assay is the
standard test for detection of antibodies against
influenza after infection or vaccination. However,
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Table 2. Propattion of Subjects with a Virus-Neutralization Aatibody Titer of 1:20 of More.

: 3.75 pg with 7.5 pg with 7.5 ug without 15 pg with 15 pg without
Virus Strain and Day Adjuvant Adjuvant Adjuvant Adiuvant Adjuvant
AfVietnam 120372004 (clade 1}
Day 0
No.ftotal no. (36) 0/42 342 (2.1 0j42 1/43 (2.3 0743
95% Ci 0.0-84 1.5-19.5 a0-8.4 0.1-123 0.0-8.2
Day 21
No.Jtotal no. (35) 9/47 (214} 11742 (262} 17442 {40.5) 7j43 (163} 17/43 {35.5)
95% Cl 10.3--36.3 139420 25.6-56.7 5.3-30.7 25.0-55.6
Day 42
No.ftotal no. (%) 29742 (69.0)  25/39{64.1)  3242{762)  25/41(6).0) 2941 (70.7
95% Cl 52.9-82.4 472788 60.5-879 44,5-75.2 54.5-839
Aflndonasiaf05{2005 {clade 2)
Day0 '
No.ftotal no. (%) 1/42 (2.4) 1742 (2.4) 0y42 1743 (2.3} 043
95% Cl 0.1-12.6 01-126 0.0-8.4 0.1-123 0.0-82
Day 21 ) . .
’ No. ftotal no. (%} 5742 {11.9) 5742 (11.9) 10442 (23 8) 1443 (2.3) 7/43 (16.3)
95% Cl. 4.0-25.6 4.0-25.5 _1.2.1—39.5 0.1~12.3 6.8-20.7
Day 42 , : _ R
No.jtotal na. (%) 12/42 (28.6) 14/39 (359) 1942 (45.2) 314173} 15/41 (366)
95%Cl " 15.7-446 " 213528 29.8-61.3 Ls-i8g ' 2:;.‘1'—,53,1
AfHong Kong/156/1987 {clade 3) ' o
Day 0 I S .
Ne. ftotal no. [%5) 0/42 4142 {9.5) 2142 .@.8} 243 (4.7} 1743 (2.3)
95% Cl 0.0-8.4 2.7-22.6 . 0.6-16.2 0.6-15.8 ©01-123
Day 21 ' ] . )
‘No.ftotal no. (%) 9742 (21.4) 1342 (310) - .20/42 (47.6) 9/43 (209)  18/43 (419)
959 Cl 10.3-36.8 17.6-47.1 32.0-63.6 10.0-36.0 27.0-57.9
Day 42 ) ' )
No.ftotal no. (%) 28442 (66.7) 25/39 (64.1) 32/42(762)  .26/41{63.4)  32/41 (78.0)
95% Ci 50.5-80.4 47.2-78.8 60.5-87.9 . 46.9-77.9 62.4~-89.4

_ this assay may be insensitive for the detection of
anti-H5 antibodies.1%* For this reason, immuno-
* genicity analyses focused on a determination of
functional neutralizing-antibody responses. Since
most licensing authorities typically request data
regarding hemagglutination-inhibition assays or
single radial hemolysis, these determinations are
also reported but only for the vaccine virus strain
AfVietnam{1203/2004. (For details on hemagglu-
tination-inhibition and virus-neutralization assays
and smgle radial hemolys;s 1244 gee the Supple-
mentary Appendix.) -

STATISTICAL ANALYSIS

The protocol cailed for the recruitment of 45 sub-
jects per study group. With this number of sub-
jects, the 95% confidence interval for the percent-
age of subjects with an antibody response that
was associated with protection did not extend
more than 15% from the observed rate, assum-
ing a seroprotection rate of approximately 80%.
We used the likelihood-ratio chi-square test
to compare the number of subjects with local or |
systemic reactions within 7 days after vaccination
among the various vaccine formulations. For bi-
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Table 3. Geometric Mean of the Increase from Baseline {GMI) and Proportion of Subjects with Seroconversion,®

Virus Strain and Day

3.75 pg with Adjuvant 7.5 pg with Adjuvant 7.5 pg without Adjuvant
GhM Seroconversion GMI Seroconversion GMl Seroconversion
value {95% Cl) % (95% Cl) value [95% CI) %6 (95% CI) value (95% Ci) % (95% Ci)
Afvietnam /1203 /2004 (clade 1)
Day 21 20(1.6-24) 119 (4.0-256)  20(L6-2.5)  9.5(2.7-226)  32(24-42) 357 (21.6-52.0)
Day 42 _ 4.4 (3.5-5.6) 54.8 (38.7-70.2) 4.0(3.1-5.2) 513 (34.8-67.6) 53 (41-69)  69.0(52.9-82.4)
AfIndonesiaf05/2005 (clade 2)
Day 21 17 (14-19) 48(0.6-162)  16(13-19)  7.1(1.5-18.5) 2.2 (L8-28) 190 (8.6-34.1)
Day 42 2.8 (2.3-34) 19.0 (8.6-34.1) 2.7{2.1-34) 28.2 (15.044.9) 3.2 (2.5-4.0) 31.0 (17.6-47.1)
A/Hong Kongf156/1557 (clade 3) .
Day 21 23(1.8-2.9) 167 (7.0-314) 23 (L8-2.8) 143 (54-285) 3.4 (25-47)  38.1(23.6-54.4)
Day 42 5.8 (44-7.7) 69.0(52.9-82.4}) 52(3.8-71) 513 (348676 59(43-81) 6.7 {50.5-80.4)

* Seroconwersion was defined as an increase in the virus-neutrafization titer by a factor of 4 or more. .
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nary variables (i.e., seroprotection and serocon-
version), response rates and 95% confidence in-
tervals were computed for each strain and time

. point. The confidence intervals were interpreted

in a descriptive manner, and no adjustment for
multiplicity was made.™®

In addition, for the log-transformed values of
virus-neutralization titers and single radial hemo-
Iysis, a longitudinal analysis was performed with-
in a repeated mixed-mode} framework of analy-
sis of covariance. Changes from baseline were
analyzed, accounting for the fixed effects of vac-
cine formulation, day, sex, age, baseline titer, in-
teraction between the vaccine formulation and
day, and random effects for subjects. Vaccine for-
mulations without adjuvant were compared with
formulations with adjuvant within this model.
Comparisons were also made between groups re-
ceiving 7.5 g and 15 g of hemagglutinin anti-
gen without adjuvant. We calculated the propor-
tion of subjects with a virus-neutralization titer of
1:20 or more and that of subjects with results of
25 mm? or more on single radial hemolysis, us-
ing a generalized lineai model with repeated
measurements and the general-estimating-equa-
tions method (see the Supplementary Appendix).

RESULTS

STUDY POPULATION

A total of 275 subjects between the ages of 18

" and 45 years received the first dose of vaccine,

and 257 received the second dose. All vaccinated

subjects were included in the safety analysis. Two
subjects who initially gave their consent with-
drew from the study because of nonserious ad-
verse events, including four events in one subject
(chills, fatigue, malaise, and insomnis) and one
event in the second subject {papular rash); the
majority of these symptoms abated within 24
hours. Immunogenicity data were. available for
258 subjects for the first dose of vaccine and for

.249 subjects for the second dose of vaccme

SAFETY

The rates of occurrence of injection-site and sys-
temic reactions during the first 7 days after each
dose of vaccine are presented in Table 1. No seri-
ous, vaccine-related adverse events were recorded.
‘There were two serious adverse events recorded
in two subjects: hospitalization due to a contu-
sion of the left foot and hospitalization for an
elective abortion.

“The most commonly occurring injection-site

reaction after vaccination was pain, which oc-
curred in 9 to 27% of subjects the most frequent-
ly reported systemic reaction was headache, which
occurred in 6 to 31% of subjects.

There were no significant differences between
the vaccine formulations with respect to local
reactions after the first dose and the second dose
of vaccine (P=0.32 and P=0.97, respectively, for
all comparisons). With respect to systemic reac-
tions, a slight difference was ‘observed between
the vaccine formulations after the first dose of
vaccine (P=0.01), a finding that was largely due
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15 pg with Adjuvant

G Serotonversion GMI
value (95% Ci) % (95% Cl) value (95% Ci}
1.9(1.5-2.9) 11.6 {3.9-25.1) 3.1 {2.5-4.0)
3.9 (3.0-5.0)  46.3 (30.7-62.6) 5.7 (4.3-7.5)
14(12-17) 2301123 2.3 (1.2-2.9)
25 (21-29) 9.8 (2.7-23.1) 3.6 (2.9-4.5)
2.0 {L.5-2.7) 116 {3.9-25.4 3.3 {2.5-4.3)
4.9 (3.7-6.5) 53.7 (37.4-69.3) 7.8 {5.7~10.9)

15 ug without Adjuvant

‘30 pg with Adjuvant

Seraconversion GMl Seroconversion

% (95% CI) value (95% Cl} % (95% CI}
34.9 (21.0-50.9) 2.1 {1.8-12.5) 13.0 {4.9-26.3)
63.3 (51.9-81.9) 4.6 (4.0-5.4) 61.4 {45.5-75.6)
16.3 (6.83-30.7) 1.7 {1.5-2.0} 2.2 (0.1-11.5)
43,9 (28.5-60.3) 2.9 (2.5-3.5) 29.5 (16.8-45.2)
30.2 {17.2-46.1) 1.9 (1.6-2.3} 15.2 (6.3—28.9}
75.6 (39.7-87.6) 5.7 {4.6-7.0% 63.6 (47.8-77.6)

to an unexpectedly low rate of headache observed
in the group receiving the 30-pg formulation
with adjuvant. No difference was shown regard-
ing systemic reactions after the second dose of
vaceine {P=0.15).

IMMUNE RESPONSE
At 21 days after-the first and second doses, func-
tional neutralizing antibodies against strain A}
Vietnam/1203/2004 were detected in patients re-
ceiving any of the six formulations. Table 2 shows
- thé rates of response in subjects with a virus-neu-
tralization titer of 1:20 or more, and Table 3 shows
the geometri¢c mean increase (GMI) of the titer
from baseline and the percentage of seroconver-
sion. Numerically, the formulations without ad-
* juvant induced the highest rates of a virus-neu-
tralization titer ‘of 1:20 or mote after the first
dose (40.5% and 39.5% for 7.5 pg and 15 ug
without adjuvant, respectively) and the second
- dose (76.2% and 70.7% for 7.5 g and 15 ug with-
out adjuvant, respectively) (Table 2). Similar re-
sults were gbtained with respect to GMI (Table 3),
since the highest GMIs were obtained for the for-
mulations without adjuvant (5.3 and 5.7 for 7.5 ug
-and 15 pg without adjuvant, respectively) (Table 3).
Among subjects with seroconversion (an increase
in the titer by a factor of at least 4 after immuni-

- zation), the highest rates of résponse'were again |
“seen in subjects who received a 7.5-ug or 15-ug -

formulation without adjuvant (69.0% and 68.3%,
respectively) (Table 3).

Statistical-analysis with the use of a mixed

-model on log-transformed virus-neutralization

values confirmed that the formularions without
adjuvant induced significantly higher immune re-
sponses than did the formulations with adjuvant
(P<0.001). There were no significant differences
between the two formulations without adjuvant
or among the four formulations with adjuvant.
All vaccine formmlations showed a similar ratio
of increase in antibody titer between day 21 and
day 42, as shown by the nonsignificant interaction
between vaccine formulation and day (Table 4,
and Table 4 in the Supplementary Appendix)
Table 5 compares the presumed rates of sevo-
protection, as measuled by’ hemagglutmatxon-
inhibition assay (i.e., the proportxon of subjects
with 2 titer 240) and, single radial hemolysis {i.e.,
the proportion of subjects with an area of 225 m2?
on single radial hemolysis). Numerically, the for-
mulations without adjuvant again were more im-
munogenic than those with adjuvant. Qn single
radial hemolysis, the percentage of seroprotec-
tion 21 days after the sécond dose of vaccine
withiout adjuvant was 78.6% for the 7.5-ug dose

-and 61.0% for the 15-ug dose. Single radial he-
molysis for H5N1 antibodies appeared to be more

sensitive than hemagglutination-inhibition assay,
since the equivalent values for hemagglutination-
1nh1b1tion assay were 47.6% and 26.8%, respec-
twely

We also analyzed changes from baseline in re-
sults on single radial hemolysis using a mixed-
model analysis of covariance for the log-trans-

“formed values, and the results were similar to

those obtained for the virus-neutralization titers.
Again, we observed a significant effect of the
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Table 4. Mixed-Model Analysis of Log-Transformed Values of Virus-Neutralization Titer.
AfVietnam/ Afindonesiaf AfHong Kong/
120372004 05/2005 156/1997
Effects and Comparison [Clade 1) (Clade 2) {Clade 3
| P Value
Effect
Vaccine formulation 0.004 0.001 oo
Day 21 vs. day 42 <0.001 <0.001 <0.001
Baseline <0.001 «<0.001 <0.001
Sex 0.005 0.08 0.01
Age 041 0.18 0.03
Vaccine formulation-day interaction 0.06 0.36 0.0l
Comparison
With adjuvant vs. without adjuvant <0.001 <0.001 <0.001
Without adjuvant, 7.5 ug vs. 15 pg 0.20 0.97 . ' 0.70

vaccine formulations, with formulations without
adjuvant showing higher respomse rates than
those with adjuvant. There was no significant dif-
ference between the two formaulations without
adjuvant or among the formulations with adju-
vant (Table 4, and Table 5 in the Supplementary
Appendix).

CROSS-NEUTRALIZATION

The 7.5-pg and 15-pg formulations without adju-
vant showed high levels of cross-reactivity against
the A/Hong Kong strain (76.2% and 78.0%, re-
spectively, with a neutralizing titer of 21:20)
(Yable 2). The responses against the ¢lade 2 strain

-were somewhat lower (with rates of a virus-neu-

tralization titer of >1:20 of 45.2% and 36.6% for
the 7.5-ug and 15<pg formulations without adju-
vant, respectively) (Table 2).

We also analyzed the virus-neutralization re-
sponse to the heterologous strains using the
mixed model: Results were similar to those for
the homologous strain.- Formulations without

_adjuvant elicited significantly higher immune re-

sponses than those with adjuvant. Antibody titers
increased significantly from baseline, indepen-
dently of the vaccine dose (Table 4, and Tables 3
and 4 in the Supplementary Appendix).

The reverse cumulative distribution curves for
antibody titers after the first and second doses
of vaccine against all three strains support the
finding of higher immunogenicity from the for-
muiat.lons without ad)uvant {Fig. 2). Analysis.of
rates of, seroprotection with homologous and

heterologous immune responses showed results
that were consistent with those obtained by direct
analysis of values of virus-neutralization titers
and single radial hemolysis (Tables 6 and 7 in the
Supplementary Appendix).

DISCUSSION . .

It has beex reported that whole—vxrus trwaient in-
fluenza vaccines are, more. 1mmunogemc than
subvirion vaccmes but .are also more. prone. to
cause adverse reactions.SIn.our. study, 4 monova-
lent whole-virus ¥5N1 vaccine had a side-effect
profile similar to that of subyirion H5N1 formu-
lations described prev;ously %316 Most important,

the low rate of fever among subjects in our study

{2 to 7%) compares favorably with that report-
ed both for subvirion HSN1 vaccines and for an
egg-derived whole-virus HSN1 vaccine with adju-
vant.23.62% However, it should be noted that re-
porting systems and characteristics of the subjects
differ among the various studies.

With respect to immunogenicity, the highest
neutralizing-antibody response after the second
dose of vaccine (76.2%) was obtained with the
7.5-ug formulation without adjuvant, which was
equivalent to a rate of seroconversion of 69.0%
and represented an increase by a factor of 4 or
more in the neutralization titer after two doses
of vaccine (Tables 2 and 3). These data are alsc
similar to the levels of immunogenicity reported
in a study of an egg-derived whole-virus H5N1
vaccine, in which 96% of subjects who received
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Table S. Antibady Response to the Homologous Virus Strain after the First and Second Doses of Vaccine.®
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Dose with or .
without Adjuvant  Assay Seraprotection Seraconversion GM}
Day 0 Day 21 Day 42 Day 21 Day 42 Day 21 Day 42
percent (95% Cl} value (95% Ci}
3.75 pg with adjuvant ~ HI 2.4 333 40.5 333 38.1 27 45
(0.1-126)  (19.6-495) {25.6-56.7)  (19.649.3)  (23.6-54.4)  (L7-44) (2.4-3.2)
SRH 4.3 262 500 214 47.6 L7 - 2.9
0.6-162)  (13.9-42.0) . (34.2-65.8)  (10.3-36.8)  (32.0-63.6)  (12-23) (2.0-4.2)
7.5 pg with adjuvant HI 4.8 35.7 38.5 35.7 35.9 3.2 16
(06-162)  (21.6-520) (23.4-55.4)  (20L.6-52.0) (21.2-52.3})  {L9-5.4) {1.9-6.8)
SRH 48 -262 35.9 21.4 333 L7 2.3
(0.6-162) . (13.5-42.0) (212-52.8) [10.3-36.3)  (19.1-50.2) (1.2-2.3) {L.5-3.4)
7.5 pg without adju- HI 0.0 - 476 47.6 - 47.6 47.6 4.5 5.3
vant {0.0-8.4)  (320-63.6} [(32.0-63.6) [32.0-63.6) [32.0-61.6) {2.7-7.6) (3.0-9.5)
' SRH 7.1 §9.0 78.6 619 73.8 . 43 6.3
(1.5-19.5)  (52.9-82.4) {63.2-89.7)  (45.6-76.4)  (3B.0-86.1) {(3.2-7.2) {43-9.1)
15 pg with adjuvant Hi 0 14.0 14.6 14.0 14.6 15 1.7
©.0-8.2) {53-27.9)  {5.6-292}  {53-278}  {5.6-29.2) (1.1-2.2) 1127
SRH 4.7 i6.3 39.0 116 36.6 14 2.2
C{0.6-158)  {6.8-307) {242-585)  [(39-351y  (22.1-531) (1.1-L8) (1632
15 pg without adju- HI 0 5.6 26.8 25.6 26.8, 2.8 3.2
vant (0.0-82)  {13.5-417) (142429} - (13.5-41.2)  (14.2-429) (1.6-4.9) {1.7-6.0)
SRH 23 418 61.0 39.5 585" . 2B 4.7
{0.1-123)  {270-579) (445-75.8)  (25.0-55.6) (421-733) (1942}  (3.1-7.))
* 30 pg with adjuvant HI 0 348 36.4 348 364 . 34 4.5
00-7.7)  (20.4-502)  (224-522)  (214-502) (224522}  [(2.0-5.7) (2.4-8.6)
SRH: 232 217 58.1 19.6 © 581 . 15 - 3.8
©.1-115)  (109-36.4) (421-73.0)  (94-339)  (421-73.0)  .(L2-2.0) 2.5-5.2)
* GMI denotes geometric mean of the increase, HI hemagglutination-inhibition assay,.and SRH single radial hemolysis.
two doses of S-pg or 10-pg formulations had a  studied here was consistent with data from a
neutralization titer of 1:20 or more,* although previous study, which showed that-no effect of
differences in assay systems must be taken into 'alum adjuvant was seen with g 15-ug dose of sub-
account in making such direct comparisons. virion vaccine, and a 7.5-ug formulation without
Lower rates of seroprotection and seroconver- alum was more immunogenic than the formula-
sion (as defined in the guidelines of the Com- tion with adjuvant.? In the previous study, an en-
mittee for Proprietary Medicinal Products™) were hanced immune response with the use of alum
obtained with the hemagglutination-inhibition was seen only with the 30-ug formulation. We
assay than with the virus-neutralization assay, did not investigate this dose without alum in our
which supports the finding that the hemaggluti- study. ,
nation-inhibition assay is less sensitive for detec- However, other studies have described sub-
tion of anti-H5 antibodies, as reported previous- stantial positive effects of other adjuvants on
ly.3e2 In our study, single radial hemolysis, which H5N1 immunogenicity. The use of an oil-in-
is considered to have a sensitivity equivalent to water—based emulsion in a 3.8-ug dose of split-
that of the hemagglutination-inhibition assay for virus vaccine resulted. in 82% seroconversion, as
seasonal influenza strains,'® was shown to be compared with 4% seroconversion without adju-
more sensitive than the hemagglutination-inhibi- vant.%¢ The addition of another oil-in-water—based
tion assay for H5NL. - adjuvant (MF-59) to an HS5N3 vacéine was also
The Iack of enhancement of vaccine immuno- associated with a substantial increase in antibody
genicity by the use of alum adjuvant at the doses response.’
N ENGL} MED 358;24 WWW.NEJM.ORG JUNE 12, 2008 2581
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Figure 2 [facing page). Reverse Cumulative Distribution
Curves for Titers of Neutralizing Antibodies in Six Study
Groups after the First and Second Doses of Vaccine
against Three Strains of Avian Influenza.

Shown are the percentages of subjects with specific
virus-neutralization titers after the first dose (day 21)
and second dose (day 42} of vaccine against AfVietnam/
1203/2004 (clade 1} (Panels A and 8, respectivelyl,
Aflndonesiaf05/2005 (clade 2) (Panels C and D,
respectively), and AfHong Kongf156/1997 (clade 3
{Panels E and F, respectively).

Our data also showed that the whole-virus
clade 1-based vaccine can induce a substantial
crass-neutralizing response against clade 2 and
clade 3 strains. The resuits described in Table-2
are encouraging;: after two doses of 7.5-ug of the
formulation without adjuvant, the proportions of
subjects with neutralizing titers of 1:20 or more
were 45% of those immunized against the clade 2
Indonesia strain and 76% of those immunized

" against the clade 3 Hong Kong strain. However,
there is no available evidence ro indicate which
neutralizing titer is snfficient to confer protec-
tion. Most studies of H5N1 split-virus and whole-

. virus vaccines have not described attempts to de-

termine the cross-reactivity of antibodies to other

H5N1 virus strains. However, a recent study of a

novel split-virus vaccine with adjuvant also showed

high levels of cross-neutralization against a clade
2 strain.®® In addition, in a study involving 15
subjects, two doses of an H5N3 vaccine with
ME-59 as adjuvant induced intermediate levels of
cross-reactivity to antigenically ‘distinet FISNIT.
strains, and three doses induced high levels of
cross-reactivity.2¢

The apparent absence of a dose-response refa-
tionship in our study may be surprising. However,
it is in agreement with a number of studies of
vaccine for pandemic influenza. Leroux-Roels
et al. reported no relationship between the dose
of antigen and the neutralizing-antibody response
for HSNI formulations with adjuvant,* and there
~ appeared to be an inverse dose~response relation-
ship with respect to responses to the clade 2
strain. A number of other studies involving other
pandemic-strain vaccines — H9N2,2* H5N3,1°
and H2N22?2 — have shown no dose-response
relationship or even a reduced response at higher

doses. The reasons for these findings are un-
clear, but at least with respect to vaccines with
adjuvant, it bas been speculated that the ratio of
adjuvant to antigen may be critical in determin-
ing the immune-enhancing effect rather than the
antigen concentration alone.?® For other viral vac-
cines, particularly those with soluble proteins, it
has been reported that there are distinct dose~
response relationships for induction of various
cytokines. In many studies, responses similar to
those mediated by type 2 helper T cells have been
elicited at low doses of vaccine, and responses
similar-to those mediated by type 1 helper T cells
have been elicited at higher doses.?® Further
studies focusing on T-cell responses will be re-
quired to investigate this phenomenon. In addi-
tion, these studies will be extended by the use of
antigen doses lower than 3.75 ug to confirm and
extend the results obtained in our study. .
Our study provides initial safety and immuno-
genicity data for a whole-virus H5N1 vaccine
produced on Vero cell cuiture. It also shows that

. a broadly reactive immune response to clade 2

and clade 3 of H5N1 viriis can be obtained with
the use of a low-dose clade 1 vaccine without

adjuvant. $ince we observed no significant dose—

response relationship, the 7.5-ug formulation
without-adjuvant has been chosen for further
development, :

~
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