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Abstract
Dosage-sparing strategies, adjuvants and alternative substrates for vaccine production are being
explored for influenza vaccine development. We assessed the safety and immunogenicity of a
Vero cell culture-grown inactivated whole virus influenza A/H5N1 vaccine with or without
aluminum hydroxide adjuvant [Al(OH)3] in healthy young adults. Vaccines were well tolerated,
but injection site discomfort was more frequent in groups receiving Al(OH)3. Dose-related
increases in serum antibody levels were observed. Neutralizing antibody titers varied significantly
when tested by two different laboratories. Al(OH)3 did not enhance HAI or neutralizing antibody
responses, and contributed to increased injection site pain. Because influenza antibody titers vary
significantly between different laboratories, international standardization of assays is warranted.
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1. INTRODUCTION
Global efforts are underway to develop vaccines for a potential influenza pandemic,
particularly for influenza A/H5N1 [1]. In the decade since the emergence of the H5N1 avian
strain, clinical vaccine trials have demonstrated the need for large quantities of H5
hemagglutinin (HA) and/or inclusion of an adjuvant to generate adequate immune responses
in humans [2]. This observation has stimulated the search for antigen-sparing strategies such
as use of more potent adjuvants, alternative methods of vaccine administration (e.g.,
intradermal injection), and use of whole virus (WV) preparations. Furthermore, efforts
continue to develop methods other than growth in eggs for more efficient and controlled
production of both pandemic and interpandemic influenza vaccines.

The potential of conventional aluminum hydroxide adjuvant [Al(OH)3] to enhance
immunogenicity has been evaluated repeatedly in clinical trials of H5N1 vaccines [3-5]. In
earlier trials, Al(OH)3 failed to confer clinically significant increases in immune responses
when formulated with egg-grown subvirion (SV) inactivated vaccines. However, promising
results with Al(OH)3 have been reported with WV H5N1 vaccines [6-8]. Earlier studies
suggested that some, but not all WV vaccines were more immunogenic than SV vaccines
[9,10].

Results of a recent trial of a WV influenza A/H5N1 vaccine demonstrated that most subjects
given a standard dosage developed detectable neutralizing (Neut) antibody responses, and
that the inclusion of Al(OH)3 did not enhance responses [11]. The purpose of our study was
to assess safety and immunogenicity of the same WV H5N1 vaccine in a placebo-controlled
trial in which a higher dose of vaccine antigen was evaluated. The vaccine evaluated in this
report was also unique since it was constructed using a wild type (wt) seed virus grown in
tissue cell culture, as opposed to using genetically altered recombinant viruses grown in
eggs or purified recombinant hemagglutinin (HA) produced in cell culture systems [12,13].
In addition, neutralizing antibody responses were determined in a subset of subjects by two
different laboratories in order to compare assay results directly.

2. MATERIALS AND METHODS
2.1 Vaccines

Ultraviolet and formalin-inactivated WV influenza A/H5N1 vaccine was prepared using wt
A/Vietnam/1203/04 grown in Vero cells [14; Baxter]. Six study groups were compared.
Two dosage levels (7.5 and 15μg of HA/0.5mL dose) were pre-formulated with or without
aluminum hydroxide [Al(OH)3] adjuvant; a dose of 45μg of HA/0.5mL was formulated
without Al(OH)3. The Al(OH)3 content in the adjuvanted vaccines was 350μg per dose.
Saline placebo was used as the control vaccine. Vaccines were prepared in single-dose
prefilled syringes.

2.2 Study Design and Subjects
A multicenter, randomized, double-blind, placebo-controlled clinical trial was conducted at
four NIH-funded Vaccine Treatment and Evaluation Unit sites. Written informed consent
was obtained from potential subjects prior to screening. Healthy non-pregnant females and
males between the ages of 18 and 40 years who had no history of severe reactions to
influenza vaccines, no known suppression of the immune system, and who had not
previously received an influenza A/H5 vaccine were eligible. The study was conducted in
accordance with protocols approved by Institutional Review Boards at each of the
participating study sites.
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2.3 Study Procedures
The study was conducted in two stages. During stage 1, prior to vaccination, eligible
subjects had to demonstrate normal laboratory assessments, including total white blood cell
count, hemoglobin, platelet count, alanine amino-transferase, and creatinine. Subjects were
randomized to one of the 6 vaccine groups (approximately 15 subjects per group). Subjects
received two doses of vaccine in the deltoid muscle approximately 28 days apart.
Vaccinations were administered by unblinded vaccinators who were not involved in safety
assessments. Subjects were observed for 30 minutes after each immunization. For seven
days after each immunization, subjects recorded their oral temperature and the presence and
severity of injection site reactions (pain, tenderness, redness and swelling) and systemic
symptoms (fever, malaise, myalgia, headache, and nausea) on a memory aid. The severity of
solicited adverse events (AEs) was scored on a scale from 0 to 3: 0=absence of the
symptom; 1=mild symptom that did not interfere with activity; 2=moderate symptom that
interfered with activity; and 3=severe, prevented daily activity. Injection site redness and
swelling were graded on the diameter of measurement, with 0=none; 1=small (<2 cm);
2=medium (2-5 cm); and 3=large (>5 cm). Fever was defined as an oral temperature
≥100°F. Serious adverse events (SAEs) were defined as life-threatening AEs, or AEs that
resulted in significant or persistent disability, congenital anomalies, hospitalizations, or
death. All AEs reported during the first 2 months after enrollment were recorded, and SAEs
were reported during the entire 7-month study period.

Subjects were seen in the clinic on days 2 and 8 after each immunization to review their
memory aids. Blood samples for laboratory safety assessments (as described above for
screening) were repeated on day 7 after each immunization in Stage 1. One month after each
immunization and 6 months after the second dose, interim medical history was reviewed and
serum samples for antibody assays were collected

Seven-day clinical and laboratory safety data in Stage 1 participants were reviewed by the
Safety Monitoring Committee prior to enrollment of subjects into Stage 2. In Stage 2 of the
study (approximately 35 subjects per group), identical procedures were performed, with the
exception that blood samples for laboratory screening were not collected.

2.4 Laboratory assays
Hemagglutination-inhibition (HAI) and neutralization assays were performed at Southern
Research Institute (SR), as described previously [15,16]. For both assays, a significant
antibody response, or seroresponse, was defined as a four-fold or greater increase in
antibody titer after immunization (if antibody was detectable in the preimmunization
sample) or an increase in titer from <10 before immunization to ≥40 after immunization
[17]. Neutralization antibody assays were performed at both SR and Baxter [11]. The SR
reference laboratory assayed all serum samples, while the Baxter laboratory assayed only a
subset of 100 subjects who had consented to the future use of their specimens and who were
randomly selected based on the SR results to be representative of the SR titer distribution,
specifically limiting the selection to include only 5 placebo recipients. Both laboratories
were blinded to sample identity. A brief overview of the two neutralizing antibody assay
procedures is provided in Table 1.

2.5 Statistical analyses
The primary objectives of the study were to determine the dose-related safety of a Vero cell
culture-grown WV inactivated H5N1 vaccine with or without Al(OH)3 in healthy adults;
and to assess the potential for Al(OH)3 to enhance immune responses after immunization.
The primary reactogenicity endpoints were the frequency and severity of AEs and SAEs
after immunization. The primary immunogenicity endpoints included the proportion of
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subjects in each dose group achieving a serum HAI or neutralizing antibody titer of ≥40
against the influenza A/H5N1 virus 28 days after receipt of the second dose of vaccine; and
the geometric mean titer (GMT) and frequency of ≥4-fold rises in HAI and neutralizing
antibody titers in each group one month after receipt of dose 2. Secondary endpoints were
immune responses at 1 month after receipt of the first dose and six months after the second
dose.

Solicited reactogenicity was analyzed by taking the most severe response over the follow-up
period and dichotomizing into a binary variable: none versus mild/moderate/severe. Overall
comparisons among treatment groups were made using Fisher’s exact test. Further analyses
were conducted using multivariate logistic regression separately for each vaccination and
each symptom.

Immune responses were summarized in terms of H5-specific neutralization and HAI
antibody titers, transformed to a logarithmic scale for analyses, and the proportion of
subjects achieving a neutralization titer ≥40 at 28, 56, and 208 days after the initial
vaccination was noted. Fisher’s exact test and ANOVA (F test) were used to compare
differences among treatment groups for 4-fold rise and GMT, respectively. Univariate and
multivariate logistic regression and linear regression were conducted for 4-fold responses
and GMT, respectively. The Cochran-Armitage trend test was performed to explore the dose
response. The scores of the dosages for this test were defined as 7.5, 15 and 45. One-sided
exact p values were selected.

Neutralization assays were performed at both SR and Baxter, and comparisons of GMT and
4-fold rises were made. A paired t-test was utilized to determine the confidence intervals and
p-values of the GMTs; while for ≥4-fold rises, Fisher’s exact test was performed. Pearson
and Spearman correlation coefficients were also calculated with no adjustments made for
multiple comparisons.

3. RESULTS
Enrollment into the trial was rapid, with stage 1 beginning in October 2006 and stage 2
enrollment completed during January 2007. A total of 308 subjects were enrolled (93 in
stage 1, and 215 in stage 2), with 299 (98%) receiving both doses of vaccine and providing a
blood sample 1 month after the second dose, and 293 providing a blood sample 6 months
after receipt of the second dose. Baseline demographic characteristics and preimmunization
serum HAI and neutralizing antibody GMTs of enrolled subjects are shown in Table 2 and
did not differ among the six vaccine groups.

3.1 Safety and Reactogenicity
Safety—All 6 vaccine formulations were safe and well tolerated; no subjects refused the
second dose as a result of injection site or systemic reactions following receipt of the first
dose. Only three SAEs were reported during the study period, and none was considered
vaccine-related (one subject was hospitalized for multiple traumatic fractures; one for
surgical repair of a foot fracture, and one for histoplasmosis in an immunocompetent
subject).

Injection Site Reactogenicity—One subject in the 45μg without Al(OH)3 vaccine group
developed a large area of injection site redness (maximum diameter of 5.4 cm) on days 1
and 2 after receipt of the second dose of vaccine; this subject had previously developed an
area of injection site erythema of 3.8cm in diameter after the first dose. No other grade 3
injection site reactions were reported.
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Injection site pain and tenderness were the most common solicited AEs during the week
after each vaccination. The percentages of subjects reporting any injection site tenderness
after receipt of dose 1 are shown in Figure 1. Although the frequency of injection site
tenderness was significantly lower in the group given placebo when compared with the other
vaccine groups combined (p<0.05; Fisher’s exact test), there were no significant differences
among the other vaccine groups (p=0.28; Fisher’s exact test). Most reactions were mild,
peaked on day 1-2 after vaccination, and resolved within a day or two (data not shown). In
multivariate analyses, increasing dosage level was associated with significantly more
injection site swelling after dose 1 only. Female gender and younger age were also
associated with more injection site tenderness after the first dose (p<0.05 for each; data not
shown), and after dose 2, dosage level (p<0.05), and female gender and younger age (p<0.01
for each) were associated with a higher frequency of injection site tenderness (data not
shown).

Systemic Reactogenicity—Three subjects experienced grade 3 systemic reactions
during the week after receipt of dose 1, but only 1 was considered vaccine-related (malaise
on day 0 in a subject given the 15μg without Al(OH)3 vaccine formulation). Three other
subjects experienced grade 3 systemic reactions during the week after dose 2, and two of
these were considered vaccine-related: 1 reported malaise, headache and myalgia on days 2,
3 and 6 after vaccination; and the other developed headache on day 2 after vaccination. Both
of these subjects were in the 7.5μg with Al(OH)3 group. Fever during the week after
immunization was uncommon (0-3 persons/vaccine group after each dose). In multivariate
analyses, younger age was associated with a higher frequency of nausea after the first dose
of vaccine, and female gender was associated with a higher frequency of nausea after the
second dose of vaccine (p<0.05 for both; data not shown).

3.2 Immunogenicity
Dose-Response Relationships—Serum antibody responses one month after each dose
of vaccine, determined in the SR lab, are shown in Table 3 and Figure 2. The highest
responses after the second dose of vaccine were seen in the group given 45μg without
Al(OH)3, with 40% and 44% of subjects in this group developing four-fold or greater
increases in HAI and neutralizing antibody titers, respectively. One month after each dose of
vaccine, statistically significant increases in HAI and neutralizing antibody responses from
baseline values in terms of GMTs, proportions of subjects with a ≥4-fold increase in titer,
and the proportions of subjects with a titer ≥40 were noted among all vaccine groups (p≤
0.01 for each comparison).

In the groups given vaccine containing Al(OH)3, dose-related increases in the GMTs of
serum HAI antibody after the first dose (p<0.05), and increases in GMTs of neutralizing
antibody after the second dose (p<0.01) were observed. For the non-adjuvanted vaccine
groups, significant dose-responses for HAI and neutralizing antibody were seen after the
second dose of vaccine in terms of GMTs, proportions of subjects with a ≥4-fold increase in
titer, and the proportions of subjects with a titer ≥40) (p<0.02 for all comparisons). At six
months after receipt of the second dose, dose-related increases in antibody responses
persisted among groups receiving non-adjuvanted vaccines for all HAI and neutralizing
antibody response parameters, with the exception of GMT of HAI antibody (p<0.05 for all
comparisons). In contrast, dose-response relationships among groups given adjuvanted
vaccine persisted only for GMT of neutralizing antibody (p<0.05).

Effect of Al(OH)3 Adjuvant on Immune Responses—HAI and neutralizing antibody
GMTs were significantly higher (p<0.05 for both) after the first dose containing 7.5μg
without Al(OH)3 when compared with group given 7.5μg with Al(OH)3. Neutralizing
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antibody GMTs were significantly higher in the group given 15μg without Al(OH)3 when
compared with group given 15μg with Al(OH)3 after the first and second doses (p<0.03 for
each), and in the group given 7.5μg without Al(OH)3 when compared with the group given
7.5μg with Al(OH)3 after the second dose (p<0.02). At six months after receipt of the
second dose of vaccine, GMTs of neutralizing antibody were significantly greater among
groups given 7.5 or 15μg without Al(OH)3 when compared with subjects given the same
dose with Al(OH)3.

Serum Antibody Response Frequencies Using an Alternative Definition—
While the EMEA and FDA have harmonized definitions of serum HAI antibody responses
as outlined in the Methods section [17,18], traditional definitions of a four-fold or greater
increase in antibody titer did not require attainment of a titer of at least 40 after
immunization. Therefore, an increase in titer from undetectable before immunization (<10)
to ≥ 20 after immunization was considered a seroresponse. To bridge results from prior
influenza vaccine studies (including earlier pandemic vaccine evaluations) using more
traditional definitions of seroresponse, the frequencies of HAI and/or neutralizing antibody
responses were recalculated such that no minimum post-immunization titer was required: 0,
38%, 53% and 77% of subjects given 0, 7.5, 15 and 45μg doses without Al(OH)3 responded,
compared with 16% and 38% of subject given 7.5 and 15μg doses with Al(OH)3 (Figure 3).
Once again, dose-related increases in antibody responses were observed, and the inclusion
of Al(OH)3 reduced the frequencies of all immune responses.

Comparison of Neutralizing Antibody Results Obtained from Two Different
Laboratories—A subset of sera collected from 100 subjects before and 1-month after each
dose of vaccine was assayed in both a reference laboratory (SR) and in the laboratory of the
vaccine manufacturer to bridge the results of clinical trials being conducted in the U.S to
those conducted in Europe [11, current study]. Sera collected from 5 placebo subjects and
14-22 subjects from each of the 5 vaccine groups were tested.

Clear dose-response relationships in GMTs were observed in assays performed in both the
SR and Baxter laboratories (data not shown); however, a significant dose-response
relationship in ≥4-fold responses was observed in the SR assay only. For example, among
subjects given 7.5, 15 or 45μg of vaccine without Al(OH)3, 5.9 (0.1, 28.7), 28.6 (8.4, 58.1)
and 45.5 (24.4, 67.8) percent (95% C.I.) developed a 4-fold or greater rise in neutralizing
antibody titer after 2 doses in the SRI assay (p<0.01; Cochran-Armitage trend test). The
corresponding percentages and 95% C.I. for the Baxter assay were 23.5 (6.8, 49.9), 42.9
(17.7, 71.1) and 50.0 (28.2, 71.8) (p=0.08; Cochran-Armitage trend test). Neutralizing
antibody GMTs were significantly higher (p<0.05; paired t-test) using the Baxter assay
when compared with the SR assay at all timepoints (before and 1 month after each
immunization), with the exception of the pre-immunization titer in the group given 45μg
without Al(OH)3 (data not shown). When results for all 100 subjects are considered, the titer
ratios (Baxter/SR) for GMT (95% CI) were 1.3 (1.2, 1.4); 2.23 (1.9, 2.6); and 1.89 (1.7, 2.1)
before and 1 month after dose 1, and after dose 2, respectively (p<0.01 for all comparisons;
paired t test). In general, the assay results were highly correlated for GMT (Spearman
correlation coefficient=0.835 after 2 doses; Figure 4).

Because starting dilutions for the 2 assays differed, direct comparisons between the
proportions of subjects who achieved a neutralizing antibody titer of at least 20 after receipt
of 2 doses were made (Figure 5). Although no placebo recipient achieved a titer ≥20 after 2
doses in either assay, significant dose-related increases in the proportions of subjects with a
titer ≥20 after 2 doses were observed with the SR assay only (p< 0.01; Cochran-Armitage
trend test). The proportions of subjects who achieved a titer ≥20 using the Baxter assay were
higher when compared with the SR assay (p<0.01; Fisher’s Exact test), and a marginal dose-
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response relationship was observed (p=0.054; Cochran-Armitage trend test). After 2 doses
of vaccine or placebo, 30 subjects achieved a titer ≥20 in the Baxter assay but not the SR
assay; 1 achieved a titer ≥20 in the SRI assay but not the Baxter assay; 42 achieved a titer
≥20 in both assays; and 27 failed to achieve a titer ≥20 in either assay. These responses
were highly non-concordant between the two laboratories (p<0.01; McNemar’s test).

4. DISCUSSION
Our data confirm that this novel inactivated whole virus vaccine prepared in Vero cells
using a wild type influenza A/H5N1 virus was safe and immunogenic when administered to
healthy adults. Dose-related increases in injection site reactogenicity were observed;
however, all dosage levels were well tolerated. Inclusion of AlOH was associated with a
somewhat higher frequency of injection site reactogenicity in the absence of increased
systemic reactogenicity, as noted in previous studies using this preparation, as well as other
adjuvanted subunit influenza vaccines [3,4,11]. Dose-related increases in serum antibody
responses were observed, with the 45 μg dose without Al(OH)3 providing the highest
responses. Responses were significantly lower among subjects given vaccines containing
Al(OH)3 when compared with those given the same dosage of vaccine without adjuvant.
Other reports have shown similar suppression of immune responses with the addition of
Al(OH)3 [3,4,11].

Serum HAI and neutralizing antibody response frequencies were moderate, even at the
highest dosage level using current definitions, similar to results from other recent trials of
SV influenza A/H5N1 vaccines [4,12]. Nevertheless, more than 50% of subjects given
two-15μg doses without Al(OH)3 responded using a more traditional definition of
seroresponse, and 77% of subjects given two 45μg doses without Al(OH)3 had a 4-fold or
greater increase in HAI and/or neutralizing antibody. In spite of these immune responses,
fewer than half of subjects receiving the highest amount of antigen achieved the putative
protective HAI titer of 40 after two doses. Antibody responses against drifted H5 variants
were not assessed in this study; however, it is likely these responses would be lower than
those seen when measured against the homologous vaccine antigens [19]. Similar trends
have been observed with candidate H5N1 vaccines where higher levels of antibody to the
vaccine virus are associated with somewhat lower levels of antibody directed against drifted
variants [11,20,21]. Because the precise pandemic strain is unknown, efforts must continue
to develop prepandemic vaccines capable of eliciting antibody against both homologous and
drifted variants.

The results of our study extend those reported by Ehrlich and colleagues using the same
vaccine [11]. However, in contrast to the previous report, definite dose-responses were
observed in both HAI and neutralizing antibody assays. In order to bridge the results
between clinical trials conducted in different parts of the world, neutralizing antibody assays
were performed on a subset of sera in the two laboratories responsible for assessing vaccine
immunogenicity for the two clinical trials. Interestingly, the Baxter assay appeared
somewhat more sensitive than the SR assay. The reasons for this are not known, but there
are significant differences in assay methods. For example, the virus used in the Baxter assay
is the wild type (wt) virus, in contrast to the SR assay, which uses a recombinant virus. As
the vaccine was prepared using wild type virus, the match between test antigen and vaccine
antigen is likely closer for the Baxter assay. Hoschler et al. previously demonstrated that use
of wt virus yielded higher GMT values when compared with rg viruses (22). Another major
difference is the longer duration of the incubation period with the Baxter assay, likely
contributing to greater sensitivity. Nevertheless, clear dose-response relationships for GMTs
were noted in both assays (data not shown). Our results underscore the complex issues
related to comparing serologic results obtained in different laboratories. Conclusions
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regarding the immunogenicity of a vaccine are highly dependent on the assays used to assess
endpoints used, and the definitions of significant response and putative protective titer.
Stephenson et al. recently reported comparisons of serum HAI and neutralizing antibody
assays against interpandemic influenza strains in different laboratories using aliquots of the
same serum samples and noted considerable inter-laboratory variability with greatest
differences in the neutralizing antibody values [23]. With the necessity of comparing results
of clinical trials of candidate pandemic influenza vaccines around the world, an international
collaborative effort is in progress to develop an international H5N1 antibody standard that
should reduce inter-laboratory variability. Alternatively, head-to-head comparative trials of
various vaccines with serology measured in a single lab could be performed. Differences in
assay methods and results obtained in different laboratories pose challenges to regulatory
authorities who must determine which vaccines to license, purchase and stockpile.

Our study did not explore several issues that are relevant for the use of WV vaccines. First,
although the vaccine formulations were well tolerated in the adults studied, safety and
reactogenicity issues still need investigation in pediatric age groups, especially young
children. Previous administration of egg-grown A/ New Jersey/76 (H1N1) WV vaccines to
young children resulted in a high frequency of fever and systemic reactions [24]. Another
area needing investigation is a direct comparison of the safety and immunogenicity of the
WV vaccine with that of a corresponding subvirion (SV) preparation. Although WV
vaccines have been considered more immunogenic than SV vaccines, comparisons of the
immunogenicity of the two products have not been performed using well-standardized
assays.

The results of this and other recent clinical trials of candidate pandemic influenza vaccines
raise concern about the value of including Al(OH)3 adjuvant in WV and SV influenza
vaccines. While modest enhancement of immunogenicity has been observed in some trials at
some antigen dosage levels, the lack of an adjuvant effect in this trial as well as the increase
in local reactions are problematic. Other novel adjuvants, including ASO3 and MF59, have
markedly enhanced immune responses to H5 and H9 vaccines in earlier studies
[20,21,23,25,26] and would be interesting to assess with this vaccine. Cautious evaluation of
this and other WV preparations in other age groups, particularly children, is warranted.
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Figure 1.
Percent of Subjects with Injection Site Tenderness after the First Dose
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Figure 2.
Percent of Subjects with Serum HAI and Neutralizing Antibody Titer ≥40 after Two Doses
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Figure 3.
Percent of Subjects with ≥ 4-Fold Increase in Serum HAI and/or Neutralizing Antibody
Titer after Two Doses (No Minimum Post Vaccination Titer Requirement)
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Figure 4.
Correlation between Serum Neutralizing Antibody Titers When Comparing Results Using
Two Different Assays
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Figure 5.
Percent of Subjects with a Neutralizing Antibody Titer ≥20 after Two Doses: SR vs. Baxter
Results
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Table 1

Comparison of SR Laboratory and Baxter Laboratory Neutralizing Antibody Assay Methods

Parameter Baxter Lab SR Lab

Virus Type, Growth Substrate Wild type, Vero cells Reverse Genetics, Egg-derived

Initial Serum Dilution 1:5 1:10

Dilution Factor 2-fold 2-fold

Diluent Cell culture medium DMEM

Virus Inoculum 100 TCID50 100 TCID50

Initial Incubation Time* and Temperature 1 hour (Room temperature) 2-2.5 hours (37° C)

Assay Substrate Vero cells; monolayer MDCK cells; suspension

Second Incubation 5 days (37° C) 19-21 hours (37° C)

Assay Endpoint Cytopathic effect (50%) ELISA: Detection of nucleoprotein

Replicates 8/sample 2/sample

*
Neutralization time with virus-serum mix
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