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Abstract
Background—H5N1 avian influenza represents an episodic zoonotic disease with potential to
cause a pandemic, and resistance is of considerable concern. We sought to generate high titer
H5N1 antibodies in healthy volunteers for the purpose of developing hyperimmune IVIG.

Methods—We conducted a dose escalating unblinded clinical trial involving 75 subjects between
the ages of 18 and 59 years. Three cohorts of twenty-five subjects were enrolled sequentially
receiving 90, 120, or 180 mcg of H5N1 A/Vietnam/1203/04 vaccine for four doses 28 days apart.

Results—No significant dose related increases in the geometric mean titers (GMTs) of serum
HAI were observed when comparing 90, 120, and 180 mcg. When analyzed together to determine
the effect of additional vaccinations, HAI GMT after first, second, third and fourth vaccinations
was 1:15.7, 1:22.2, 1:36.0, and 1:32.0, respectively (first vs baseline, P<0.0001; second vs first,
P=0.02; third vs second, P<0.0001). The MN GMT after first, second, third, and fourth
vaccinations was 1:17.5, 1:33.1, 1:55.7, and 1:68.4 respectively (all P<0.001).

Conclusion—Our study suggests that a third dose and fourth dose of the H5N1 A/Vietnam/
1203/04 vaccine may result in a higher HA and MN GMT. There was no benefit to increasing the
dose of the vaccine.
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Introduction
H5N1 avian influenza currently represents an episodic zoonotic disease affecting at least
385 people in 14 countries. If this virus acquires the ability for sustained human-to-human
transmission it could trigger the next influenza pandemic. It has previously been noted that
there is a limited repertoire of antiviral drugs, and increasing resistance has been noted. [1]
Recent studies reported that some H5N1 viruses isolated in Southern China and Southeast
Asia were resistant to amantadine. [2],[3] Currently the circulating H5N1 viruses are
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susceptible to oseltamivir and zanamivir, though there have been descriptions of resistance
to oseltamivir occurring on therapy, [4] and in circulating avian strains. [5]

Treatment with anti-influenza antibodies could potentially be of benefit in the treatment of
avian influenza. Luke et al assessed passive immunotherapy during the 1918 pandemic,
when severely ill patients were sometimes treated with plasma from convalescing survivors.
In the eight published reports, the overall case fatality rate was 16% among 336 patients
who received convalescent blood products, compared to 37% of 1219 untreated patients. [6]
Zhou et al reported the prompt defervescence and cessation of viral shedding in a patient
infected with H5N1 treated with convalescent plasma. [7]

A murine monoclonal antibody (mab) targeting a conserved site on the HA protected mice
against lethal H1N1 and H2N1 influenza challenges. [9] Mabs to H1, given either intact or
as Fab fragments, prevented lethal H1N1 infection in SCID mice. [10, 11] Humanized
murine mabs prevented death when given to mice up to three days after an otherwise lethal
H5N1 virus challenge. [12] Similarly, human mabs developed from Vietnamese H5N1
survivors protected mice when administered up to 72 hours after H5N1 virus challenge. [13]

Although monoclonal antibodies may have therapeutic potential, pooled human
immunoglobulin from convalescent patients or vaccinees may be more readily available,
more expeditiously approved for human use, and may be more likely to prevent the
emergence of escape mutations due to the polyclonal nature. In view of this, we sought to
determine a vaccination strategy to generate high titers of anti-influenza H5N1 antibodies in
healthy volunteers for the purpose of developing a hyperimmune IVIG.

In previous studies using the influenza H5N1 vaccine (rgA/ Vietnam/1203/04 X A/PR/8/34),
451 healthy adults ages 18 to 64 years received two doses of 7.5, 15, 45, or 90 micrograms
(mcg) or placebo by intramuscular (IM) injection. [14] A dose response relationship was
demonstrated between vaccine and immunogenicity without a demonstrated plateau.
Additional studies using purified influenza hemagglutinin vaccine (influenza A/Taiwan/1/86
(H1N1)) with HA doses up to 405 micrograms showed that increasing doses of HA resulted
in increasingly higher levels of serum hemagglutination inhibiting and neutralizing antibody.
[15] Therefore we sought to determine if additional and/or higher doses of the H5N1 A/
Vietnam/1203/04 vaccine led to improved immunogenicity and higher antibody titers. We
also sought to evaluate the Luciferase Immunoprecipitation System (LIPS) as a new
platform for the assessment of immune response to the vaccine.

Materials and Methods
Vaccine

The vaccine used in this study is a monovalent inactivated subvirion H5N1 vaccine (rgA/
Vietnam/1203/04 X A/PR/8/34) containing 90 mcg/mL A/H5N1 HA, as determined by
single radial immunodiffusion, and manufactured by Sanofi Pasteur Inc, Swiftwater, PA.

Study Design and Subjects
We conducted a single center, dose escalating unblinded clinical trial. Written informed
consent was obtained from potential subjects prior to screening. Healthy non-pregnant adults
between the ages of 18 and 59 years who had no known allergy to vaccine components
(including eggs), and met standard FDA criteria for plasma donation were eligible for this
study. The study was conducted in accordance with an Institutional Review Board approved
protocol.
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Study Procedures
Three cohorts of twenty-five subjects each were enrolled sequentially. Cohorts 1-3 were
assigned to receive 90 mcg, 120 mcg, or 180 mcg of H5N1 vaccine respectively. Each
subject was to receive four doses of vaccine approximately 28 days apart in the deltoid or
gluteal muscle. Subjects were allowed to choose the site of vaccination and were observed
for 30 minutes after each immunization.

For the seven days after each vaccination subjects recorded the presence and severity of
local and systemic symptoms on a diary card. Blood samples for antibody assays were
collected before each vaccination and 4 weeks after the final dose.

After the vaccination phase of this protocol was completed, those subjects with a
hemagglutinin inhibition titer above a given threshold (initially 1:640, and decreased to
1:160 by the end of the study) were asked to begin plasmapheresis.

All reported adverse events (AE) and serious adverse events (SAE) that occurred through
Day 112 (4 weeks after the fourth vaccination) or anytime on plasmapheresis were recorded
and reviewed by an independent safety monitoring committee. Stopping rules for safety
were evaluated after each cohort was vaccinated at a given study point, prior to additional
vaccinations, and prior to beginning enrollment at higher vaccine doses. Adverse events
judged not related or unlikely related to the study interventions were excluded from this
analysis.

Laboratory assays
Hemagglutination inhibition assays—Hemagglutination inhibition assays were
performed at Southern Research Institute with the use of the influenza rgA/Vietnam/
1203/2004 x A/PR/8/34 influenza (H5N1) vaccine strain. Hemagglutination-inhibition
assays were performed according to established procedures with the use of horse
erythrocytes. Serum samples were tested at an initial dilution of 1:10, and those that were
negative were assigned a titer of 1:5. Previous studies with this vaccine reported the initial
dilution as 1:20, and those negative at this dilution were assigned a titer of 1:10. [14]

Serum samples were tested in biweekly batches to determine eligibility for plasmapheresis
(results not shown). At the end of the study, samples were tested under GLP in duplicate
(different operators on different days). As 83 of 352 (23.6%) samples run in duplicate were
found to differ from one another by more than two-fold, a third run was added for all
samples. The geometric mean titer (GMT) was calculated for each serum sample. Replicate
values not within two-fold of the other values were excluded from inclusion in the GMT
calculation by procedures established prior to commencement of this study.

Microneutralization assays—Microneutralization assays were performed at Southern
Research Institute according to established procedures using influenza rgA/Vietnam/
1203/2004 x A/PR/8/34 influenza (H5N1). Serum samples were tested at an initial dilution
of 1:20, and those that were negative were assigned a titer of 10. Serum samples were tested
separately and in triplicate. The GMT was calculated for each serum sample. Replicate
values not within two-fold of the other values were excluded from inclusion in the GMT
calculation by procedures established prior to commencement of this study.

Luciferase Immunoprecipitation System (LIPS). Generation of Ruc-antigen
fusion constructs—pREN2, a mammalian Renilla luciferase (Ruc) expression vector[16]
was used to generate Heamagglutinin (HA) fusion protein constructs. A plasmid template
for the HA of H5N1 Vietnam 1203 (from the CDC) was amplified by PCR and used to
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generate two non-overlapping DNA fragments of the HA. One of the fragments, HA-1,
lacked the signal peptide and encoded amino acids 19-321 of the HA, while the HA-2
fragment encoded amino acids 332-550. Following subcloning into pREN2, the resulting
constructs generated C-terminal fusions to Ruc. The plasmid DNA corresponding to each of
these different pREN2 expression vectors was prepared using a Qiagen Midi preparation kit
(Valencia, CA) DNA sequencing confirmed the integrity of these two DNA constructs.

LIPS analysis—Extracts containing the Ruc-HA-1 and Ruc-HA-2 proteins fusions were
prepared from transfected Cos1 with buffer A containing 50% glycerol as previously
described. [17] A “master plate” was constructed by diluting patient sera 1:10 in assay
buffer. For evaluating antibody titers by LIPS, 40 μl of buffer A, 10 μl of diluted human
sera (1 μl equivalent), and 50 μl of of Ruc antigen from the Cos1 cell extract diluted in
buffer A were added to each well of a second polypropylene plate in which the assay was
conducted. Using these extracts, the immunoprecipitation assay was performed in a 96-well
plate format at room temperature with the input for these immunoprecipitation assays for
HA-1 and HA-2 proteins was 3.1 ×106 and 1.63 ×106, respectively. After the final wash, the
plate was blotted and the LU measured in a Berthold Centro LB 960 plate reader
luminometer using coelenterazine substrate mix. All LU data presented were obtained from
the average of two independent experiments and corrected for background.

Statistical Analysis
Binary variables were compared between different dose cohort groups by means of Fisher’s
exact test. The 95% exact confidence interval (CI) of a proportion was constructed by using
the binomial distribution. Geometric mean and geometric standard deviation were calculated
for antibody titers, and the comparison of antibody titer between dose groups after a
vaccination was performed by applying analysis of variance (ANOVA) to log2 titers. In
order to utilize all available antibody data and account for correlation among multiple
antibody titers of the same study subject, generalized estimating equations (GEE) method
[18] was employed to analyze log2 titers. For all GEE analyses, an exchangeable correlation
structure was used as the working assumption.

All P values are two-sided, and P values of less than 0.05 were considered to be statistically
significant. Data analyses were performed with the use of STATA, version 10.0 (Stata Corp
LP).

Results
Seventy-five subjects were enrolled between December 2006 and March 2007. Seventy-one
subjects completed all four vaccinations, and 69 of these subjects had sera available for all
time points including Day 112 (4 weeks after the fourth vaccination). Three subjects
withdrew prior to completing all vaccinations (two subjects received one vaccination, and
one subject received two vaccinations). Two additional subjects completed all vaccinations
but did not return for the final follow-up visit. The reasons for not completing the study
included 3 subjects with scheduling conflicts/inability to dedicate the time, 1 subject with an
ankle fracture, 1 subject with a small bowel obstruction from a previous appendectomy. The
remaining subject was lost to follow-up after completing four vaccinations.

Baseline demographic characteristics of enrolled subjects are shown in Table 1. No
significant differences in baseline age, gender, race or ethnicity were noted between the
cohorts.
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Safety
Two SAEs were reported during the study period. One subject was hospitalized after the
first vaccination for small bowel obstruction related to a previous appendectomy, and judged
not related to the study. One subject who did not disclose a previous history of sickle cell
anemia was hospitalized after the fourth vaccination with a vasoocclusive crisis. This was
judged unlikely related to the study. No deaths occurred during the study period.

Injection Site Reactogenicity
Pain and tenderness at the injection site were the most common AEs. Eighty-one percent of
subjects (61/75) complained of pain and/or tenderness at the injection site after one or more
vaccinations. The frequency of pain and tenderness decreased with subsequent injections
(65%, 62%, 57%, 48% of subjects after the first, second, third, and fourth vaccination
respectively). In six subjects, erythema was reported at the injection site for a total of nine
episodes. In five subjects, injection site pruritus was reported a total of nine times. Mild
edema at the injection site occurred in two subjects.

Systemic Reactogenicity
Excluding the local reactogenicity, 98 adverse events were reported from 36 subjects. The
most common events were malaise, headache, and myalgia. The frequency of systemic
adverse events decreased with subsequent injections (35%, 22%, 15%, 13% of subjects after
the first, second, third, and fourth vaccination respectively). See Table 2 for a full list of
adverse events. Self-limited lymphadenopathy was seen in 4 subjects for a total of 11
episodes, all occurring in the ipsilateral inguinal chain after vaccine injection into the gluteal
muscle.

No dose related increase in systemic reactogenicity was observed. See Table 2.

Immunogenicity
Hemagglutination—Baseline HAI titers did not differ significantly between the cohorts
(Table 1). The primary endpoint was the proportion of subjects in each cohort achieving a
serum neutralizing antibody titer against influenza A/H5N1 of 1:320. The proportion of
subjects reaching titers of 1:40 was also of study interest, as a titer of 1:40 is traditionally
considered as protective. [14] A larger proportion of subjects in the 90 mcg cohort reached a
HAI titer of 1:40 after one vaccination (50%, 12%, 29% for 90 mcg, 120 mcg, and 180 mcg
cohorts respectively; Fisher’s exact test, P = 0.02). Otherwise no significant differences
between cohorts after the same number of vaccinations were detected in the proportion
reaching HAI titers of 1:40, 1:80, 1:160, and 1:320).

The HAI geometric mean titers (GMTs) for 90 mcg, 120 mcg, and 180 mcg dose groups for
each study day are shown in Table 3. No significant dose related increases in the GMTs of
serum HAI were observed when comparing 90 mcg, 120 mcg, and 180 mcg after each
vaccination. Accounting for within-subject correlation, the GEE analysis applied to log2
titers measured after day 0, with both study day and cohort group included as categorical
variables, showed that log2 titer significantly increased by 0.48 (95% CI 0.12-0.85), 1.22
(95% CI, 0.85-1.59), and 1.12 (95% CI, 0.73-1.50) from first vaccination to second, third,
and fourth vaccination respectively. However, the GEE analysis suggested that the log2 titer
was not significantly different between the dose groups (P= 0.07 for 120 mcg vs 90 mcg; P
= 0.37 for 180 mcg vs 90 mcg).

Given the limited sample size and the lack of difference in GMT between the cohorts, we
analyzed all cohorts together to determine the effect of additional vaccinations beyond what
was previously published. The HAI GMT for the combined cohort after first, second, third
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and fourth vaccinations was 1:15.7 (95% CI, 11.0-22.5), 1:22.2 (95% CI, 15.6-31.7), 1:36.0
(95% CI, 25.7-50.5), and 1:32.0 (95% CI, 22.7-45.3), respectively. See Figure 1. The paired
t test showed that the mean HAI log2 titer increased significantly after each additional
vaccination through the third vaccination (first vs baseline, P<0.0001; second vs first, P=
0.02; third vs second, P <0.0001). The difference between the third and the fourth
vaccination was not significant (P=0.88). The proportion of subjects with a low (<1:40),
medium (≥1:40 & <160), and high (≥160) antibody response (HAI and MN) at each study
day are in Figure 2.

Microneutralization—The MN GMTs for 90 mcg, 120 mcg, and 180 mcg dose groups for
each study day are shown in Table 3. No significant dose related increases in the GMTs of
serum MN were observed when comparing 90 mcg, 120 mcg, and 180 mcg after the first
three vaccinations. After the last vaccination, the GMT for 180 mcg dose group is
significantly higher than the 90 mcg group (P = 0.02) but was not different than 120 mcg
dose group (P=0.35). All cohorts were again combined together to determine the effect of
additional vaccinations. The MN GMT for the combined cohort after first, second, third and
fourth vaccinations was 1:17.5 (95% CI, 14.7-20.8), 1:33.1 (95% CI, 26.5-41.3), 1:55.7
(95% CI, 45.9-67.6), and 1:68.4 (95% CI, 56.5-82.9), respectively. The paired t test showed
that the mean MN log2 titer increased significantly after each additional vaccination (all
P<0.001).

Luciferase Immunoprecipitation System—To test whether we could use a surrogate
for the hemaglutination inhibition assay, we studied the cohorts for changes in antibodies
against HA as detected by Luciferase Immunoprecipitation System (LIPS). Two different
HA fragments from the Vietnam 1203 strain were tested. One of the constructs, designated
HA-1 corresponded to the N-terminal 300 amino acids of the HA, while a C-terminal protein
HA-2 corresponded to the C-terminal 218 amino acids. Both the HA-1 and HA-2 constructs
were highly expressed in Cos1 cells and used in a high throughput screening method to
measure the antibodies in the immunized individuals. Analysis of anti-HA-2 antibodies
showed that many individuals on Day 0 have a high level of HA-2 antibodies, increasing
slightly over the duration of the study. As HA-2 is more conserved across influenza sub-
types, this likely reflects pre-existing antibodies generated during seasonal influenza
vaccination or infections.

Antibodies to H5N1 HA-1 as measured by LIPS have a GMT for the combined cohort at
baseline and after first, second, third and fourth vaccinations of 98.5 (95% CI, 47.8-203.0),
345.0 (95% CI, 147.4-807.6), 4,421.2 (95% CI, 2,870.8-6809.1), 15,038.6 (95% CI,
11,894.0-19,014.6), and 26,447.5 (95% CI, 21972.2-31834.4), respectively. (Figure 3) Anti-
HA-1 measures seems to be positively correlated with HAI, with GMT for subjects with 1:5,
1:5-1:20, and >1:20 HAI titers given by 370.7 (95% CI, 218.0-630.3), 3,192.7 (95% CI,
1,238.5-8,223.7), and 11,520.5 (95% CI, 8,574.9-15,477.9). However, the difference in anti-
HA-1 among subjects with HAI titer greater than 20 is not significant. Interestingly, 12
subjects that had no immune response to the vaccine as measured by HAI (HAI =5 through
all vaccinations and follow-up) had demonstrable significant increase in anti-HA-1
antibodies after each vaccination (all P<0.003). (Figure 4) For this subset, the MN was
1:10.4 on Day 0 (95% CI 9.8-11.0) and increased after each vaccination to value of 1:63.5
on Day 112 (95% CI 39.7-101.43).

Immunogenicity by vaccine site
The vaccine is formulated at 90 mcg/ml, and standard practice would limit IM injection
volumes to 1 ml in the deltoid and 2 ml in the gluteus. Therefore the 90 mcg cohort would
receive one shot in the deltoid or gluteus, while the 120 and 180 mcg cohorts would receive
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two shots into the deltoid (one shot into each), or one shot into the gluteus. Unexpectedly,
but likely in an effort by subjects to minimize anticipated discomfort, the majority of cohort
1 elected to receive 1 shot into the deltoid (81% of all vaccinations), while the majority of
cohorts 2 & 3 received 1 shot in the gluteus (76% and 74% respectively). The GEE analysis
showed that, adjusted for study day, receiving the vaccintion into the deltoid was associated
with a 0.88 (95% CI 0.18-1.58; P=0.01) increase in mean log2 HAI titer and a 0.24 (95% CI
-0.16-0.63; P=0.25) increase in MN compared to receiving the vaccination in the gluteus.
(Figure 5)

Discussion
The present study was conducted to determine the optimal immunization schedule to
generate a high titer anti-influenza A/Vietnam/1203/2004 IVIG that could be used as a
potential therapeutic for the treatment of avian influenza. Our results extend previous
observations related to the immunogenicity of the H5N1 influenza virus sub-virion vaccines.
Our study demonstrates similar GMT after two doses of 90 mcg vaccine as compared to
previous studies with this vaccine when differences in methodology of HAI determination
(accounting for a 1 dilution correction) is incorporated (1:26.8 vs 1:56.3). [14]

Our study suggests that some of the barriers to developing adequate antibody titers
(generally accepted as 1:40) may be overcome by an additional dose of the vaccine
increasing both the GMT and the percentage of the cohort above a titer 1:40. One previous
study evaluated the efficacy of a third vaccination dose given 6 months after the primary
series. [19] In that study the GMT HAI titer for the 90 mcg cohort decreased from 1:53.3
(95% CI, 38.1–74.7) 28 days after the primary series of two vaccinations to 1:25.6 (95% CI,
18.9–34.6) after 6 months. After a third vaccination at 6 months, the HAI titer increased to
1:69.8 (95% CI, 49.2–99.1). However, this was not maintained decreasing to 1:18.5 (95%
CI, 14.5–23.6) by 6 months after the third vaccination.

The HAI did not perform well in our study. HAI underestimated the MN titers, and did not
reflect the overall immunogenicity of the vaccine (as demonstrated by antibodies measured
by LIPS). Whether the antibodies generated in the absence of a HAI response would be
protective is unclear, and deserves further study.

One surprising finding was that additional antigen dose did not appear to generate higher
antibody titer. Interpretation of this data is confounded by the apparent 0.88-fold decrease in
HAI antibody for those subjects that received the vaccine in the buttock. Given the local
reactogenicity and the injectate volume required, using alternative vaccination locations
such as the buttock may curtail local side effects but may also diminish immunogenicity.

No published studies have evaluated vaccination site on antibody response to the influenza
vaccine. A randomized trial using the hepatitis B vaccine noted a significant less antibody
titer in those subjects vaccinated in the arm versus buttock (Geometric mean 1454 vs 85
mIU/mL). [20] Some of this difference was attributable to needle length, and partially
improved when a 2-inch needle was used instead of a 1-inch needle for buttock injections
(GMT 387 vs 85 mIU/mL). Our study used a standard 1.5-inch needle for all injections. The
etiology for these results in our study is unclear, and may represent difference in antigen
processing at different vaccination sites, or simply related to the volume of injectate when
vaccinations were given in the buttock. The influence injection site has on influenza vaccine
immunogenicity deserves further study.

Through this study, we have collected 7.5 L of plasma from three subjects with a plasma
GMT HAI of 1:256. This plasma will be processed into an IVIG product for further studies.
While we did not achieve the objective of obtaining a large amount of anti-H5N1 influenza
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plasma for IVIG therapeutic studies, the findings did help elucidate vaccination hyper-
immunization strategies for further studies.
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Figure 1.
Aggregate HAI and Microneutralization geometric mean titer and 95% confidence interval
by vaccination day
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Figure 2.
Proportion of subject with a low (<1:40), medium (≥1:40 & <160), and high (≥160)
antibody titer (HAI and MN) by study day
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Figure 3.
Aggregate GMT anti-HA-1 antibody titer and 95% confidence interval determined by LIPS
by study day
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Figure 4.
GMT anti-HA-1 titer antibody and 95% confidence interval determined by LIPS by study
day in 12 Subjects with no immune response through all planned vaccinations as measured
by HAI
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Figure 5.
Aggregate HAI and Microneutralization geometric mean titer and 95% confidence interval
by vaccination site and vaccination day
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Table 1

Demographics

Vaccine Dose Group

Baseline Characteristics 90 mcg
(n=25)

120 mcg
(n=25)

180 mcg
(n=25) P value

Age1

  Mean 40.4 39.6 34.8 0.18

  Std Dev 11.1 12.4 10.9

  Min-Max 21-58 18-58 22-57

Sex2

  Female 15 13 13 0.88

  Male 10 12 12

Race2

  White 17 19 14 0.26

  Black 3 2 7

  Asian 3 2 4

  Hispanic 0 2 0

  American Indian 1 0 0

  Other 1 0 0

Baseline HAI1

  Geometric Mean 5.7 5.1 5.6 0.53

  Geometric Std Dev 1.5 1.1 1.7

Baseline MN1

  Geometric Mean 10.0 11.4 11.8 0.01

  Geometric Std Dev 1.0 1.2 1.4

1
Analysis of variance;

2
Fisher’s exact test.
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