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Abstract
Vaccines against emerging pathogens such as the 2009 H1N1 pandemic virus can benefit from
current technologies such as rapid genomic sequencing to construct the most biologically relevant
vaccine. A novel platform (Ad5 [E1-, E2b-]) has been utilized to induce immune responses to
various antigenic targets. We employed this vector platform to express hemagglutinin (HA) and
neuraminidase (NA) genes from 2009 H1N1 pandemic viruses. Inserts were consensuses
sequences designed from viral isolate sequences and the vaccine was rapidly constructed and
produced. Vaccination induced H1N1 immune responses in mice, which afforded protection from
lethal virus challenge. In ferrets, vaccination protected from disease development and significantly
reduced viral titers in nasal washes. H1N1 cell mediated immunity as well as antibody induction
correlated with the prevention of disease symptoms and reduction of virus replication. The Ad5
[E1-, E2b-] should be evaluated for the rapid development of effective vaccines against infectious
diseases.
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1. Article
Emerging infectious diseases, pandemics, and bioterrorism have the potential for
catastrophic impact. Healthcare workers have faced chronic challenges in producing
countermeasures against such threats, as exemplified during the recent H1N1 pandemic. The
new H1N1 virus was identified in Mexico in April 2009 but sufficient vaccine for
widespread immunization was not available until late fall that year, at which time the virus
had already spread globally. In order to react to such threats we must have the capability to
produce medical countermeasures rapidly in the presence of emerging pathogens, whether
known or unknown, novel or reemerging, natural or intentional.
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The 2009 H1N1 pandemic virus represents the greatest incidence of human infection with a
swine originated influenza to date with laboratory-confirmed cases in over 200 countries and
more than 15,000 deaths [1]. The advancement of efficient PCR and sequencing techniques
has allowed agencies such as the National Institutes of Heath (NIH), Centers for Disease
Control (CDC) and the World Health Organization (WHO) to rapidly identify and
characterize newly emerging pathogens. Isolation and sequence analysis of the 2009 H1N1
viruses determined that the novel pathogen was the product of multiple-rounds of re-
assortment of three influenza virus stains which included portions of avian, swine and
human influenza viruses [2]. Genetic information on such pathogens is made public to
researchers though sequence repositories such as GenBank and the NCBI Influenza Virus
Sequence Database. Although sequence data of emerging pathogens is now being made
available, this information is not often employed in current vaccine development.

During the H1N1 pandemic in 2009 the first line treatment options were antivirals including
Oseltamivir (Tamiflu™) and Andzanamivir and included archaic preventative methods such
as school-closures, limitation of travel and quarantine [3,4]. Sequence data from patients
infected with pandemic 2009 H1N1 virus reveled that the virus developed resistance to
Oseltamivir. The first Oseltamivir-resistant strain was identified four months after the first
appearance of the virus and by May 2010 there were over fifty resistant 2009 H1N1 strains
[5,6]. The developed drug resistance and the capability to recombine with other influenza
strains demonstrates the potential of the pathogen to rapidly mutate which left available
treatments for infected individuals ineffective [5,6].

Vaccines remain the most effective counter measure to protect immunologic naïve
populations from emerging pathogens. The vaccine development response to 2009 H1N1
was slow and plagued with technical problems. Traditional influenza vaccines are grown in
chicken-egg-based culture and in response to the 2009 influenza pandemic, this timely
manufacturing process was further hindered by suboptimal-yields of H1N1 vaccine [7]. By
the time 2009 H1N1 vaccine was available in October of 2009 the virus had already spread
globally. Even once the vaccine was available there were persistent shortages followed by
an over abundance due to the lag in response time [8]. Utilizing the limited number of eggs
available to generate vaccines against pandemic viruses such as the 2009 H1N1 also caused
shortages of seasonal flu vaccine supply by limiting manufacturing capabilities [9]. All of
these issues outline the importance of developing new technology strategies that can respond
quickly and produce adequate amounts of effective countermeasures against emerging
pathogens.

We have developed a vaccine platform that can be used to rapidly produce vaccines against
multiple agents at high numbers of doses in a minimal time frame. The platform is a novel
recombinant adenovirus serotype 5 (Ad5) delivery platform with unique deletions in the
early 1 (E1), early 2 (E2b) and early 3 (E3) regions (Ad5 [E1-, E2b-]) [10–12]. Antigenic
gene targets are cloned into the vector, which once administered in vivo infect antigen-
presenting cells that express the inserted antigen gene and induce immune responses to the
pathogenic target. The platform induces both antibodies and cell-mediated immunity (CMI)
[13–17]. We have utilized this platform to produce vaccines against viral antigens such as
HIV-1 as well as immunotherapeutics against antigenic cancer targets such as
carcinoembryonic antigen and human epidermal growth factor receptor 2 (HER2/neu) [13–
17]. The Ad5 [E1-, E2b-]-CEA immunotherapeutic is now undergoing clinical evaluation
for the treatment of CEA expressing malignancies including colon and breast cancers.

In the study described herein, we constructed two Ad5 [E1-, E2b-] vectors designed to
express the 2009 H1N1 hemagglutinin (HA) and neuraminidase (NA) proteins. The HA and
NA genes which were inserted in the Ad5 [E1-, E2b-] vector were created by generating
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consensus sequences off of real-time sequence data from the then circulating 2009 H1N1
sequences originating in North and South America. This sequence data was provided and
made public by the NCBI Influenza Virus Sequence Database. The H1N1 specific immune
responses, protection from H1N1 challenge and inhibition of virus shedding was induced by
vaccinations with Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA in murine and ferret
models.

2. Results
2.1. Induction of immune responses against Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA

The Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA virus particles were constructed as
previously described [10–12]. It was approximately 6 weeks from gene insert design to
production of purified vaccines. Confirmation of HA and NA gene expression was
confirmed by Western blot analysis prior to immunization (data not shown). A study was
performed in mice to determine the immunologic effect of immunizations with increasing
doses of Ad5 [E1-, E2b-]-HA, Ad5 [E1-, E2b-]-NA or both combined. BALB/c mice (n = 5/
group) were immunized three times at a weekly interval with 108, 109 or 1010 VP of Ad5
[E1-, E2b-]-HA, Ad5 [E1-, E2b-]-NA or Ad5 [E1-, E2b-]-HA + NA or buffer alone
(controls). Fourteen days after the final immunization, splenocytes from the mice were
assessed for HA and NA specific IFN-γ and IL-2 secretion by ELISpot analysis, which was
performed as previously described [13–16]. Splenocytes were stimulated with HA or NA
peptides (NIH Biodefense and Emerging Infections Research Resources Repository, NIAID,
NIH). The HA 94-peptide array spans the hemagglutinin protein of the A/New Caledonia/
20/99 strain of H1N1 (GenPept ABF21272). The NA 78-peptide array spans the NA of the
A/New Caledonia/20/99 strain of H1N1 (GenPept CAD57252).

A CMI response was induced to HA and NA in mice which received Ad5 [E1-, E2b-]-HA
and Ad5 [E1-, E2b-]-NA, respectively. A dose response effect to the vaccine was observed
and the greatest induction of CMI correlated to the highest dose of 1010 VP of Ad5 [E1-,
E2b-]-HA and Ad5 [E1-, E2b-]-NA (Fig. 1). Mice immunized with both constructs
simultaneously had H1N1 specific CMI responses to both HA and NA. Based on these
results, the dose of 1010 VP was chosen for further evaluation. To assess the induction of
CD4 T cell responses, splenocytes from mice immunized three times with 1010 VP of Ad5
[E1-, E2b-]-HA or Ad5 [E1-, E2b-]-HA + NA were isolated and CD4+ cells were assessed
for IL-2 production after exposure to HA or NA peptide pools using flow cytometry. CD4+
T cells from mice immunized with Ad5 [E1-, E2b-]-HA or Ad5 [E1-, E2b-]-HA/NA
exhibited 1.62 ± 0.47% or 0.87 ± 0.44% reactivity, respectively, following exposure to an
HA peptide pool whereas unstimulated control splenocytes exhibited 0.5% reactivity. CD4 T
cells from mice immunized with Ad5 [E1-, E2b-]-HA or Ad5 [E1-, E2b-]-HA/NA exhibited
0.65 ± 0.5% or 2.45 ± 1% reactivity, respectively, upon exposure to an NA peptide pool
whereas unstimulated control splenocytes exhibited 0.5% reactivity. These results indicate
that specific CD4+ T cell responses were induced during immunizations with Ad5 [E1-,
E2b-]-HA or Ad5 [E1-, E2b-]HA/NA.

2.2. Immunized mice were protected from lethal H1N1 challenge
To determine the efficacy of immunization with Ad5 [E1-, E2b-]HA and Ad5 [E1-, E2b-]-
NA to protect from challenge with virulent H1N1 virus, groups of mice (n = 15) were
immunized subcutaneously one, two or three times at two week intervals with 1010 VP of
Ad5 [E1-, E2b-]-HA + NA (2 × 1010 VP total). To determine the effect of Ad5 [E1-, E2b-]-
HA immunization alone, a fourth group of mice were immunized three times with 1010 VP
of the vaccine. A vector control group consisted of mice (n = 15) immunized twice at a two-
week interval with 1010 VP of Ad5-null, an Ad5 vector with no inserted transgene. This
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construct was used to control against any non-specific responses induced by the Ad5 viral
backbone. Non-immunized mice were used as additional experimental controls (n = 10).
Forty-six days after the last vaccination, mice were inoculated intranasally with 105 TCID50/
animal of Influenza H1N1 A/CA/07/2009 (equivalent to 100 LD50). Mice were observed
daily for clinical signs of disease including weight loss, core temperature fluctuation or
death over 21 days following viral infection.

Mice immunized 1, 2 or 3 times with Ad5 [E1-, E2b-]-HA + NA or Ad5 [E1-, E2b-]-HA
alone exhibited nonsignificant, transient weight loss (Fig. 2A) and no detectable clinical
signs of disease such change in temperature (data not shown). One hundred percent of
immunized mice survived H1N1 challenge and their survival curves were significantly
different as assessed by the log rank (Mantel–Cox) test when compared with vector control
(p < 0.01; log rank test) and experimental control mice (p < 0.01; log rank test). All animals
in the vector control and non-immunized control groups became moribund and experienced
significant weight loss by day three post-H1N1 challenge. One hundred percent of mice in
the vector control group died by day 8 post-H1N1 infection and 59% of control mice died 8–
10 days post-challenge (Fig. 2B). The variation in survival between the two control groups
was within the normal range. The induction of H1N1 specific antibody was assessed using a
hemagglutination inhibition assay (HAI) as previously described [18]. Mice immunized with
Ad5 [E1-, E2b-]-HA + NA or Ad5 [E1-, E2b-]-HA developed HA neutralizing antibody
responses following vaccination which were further boosted after H1N1 challenge (Table 1).

Three randomly pre-selected animals from each group were terminated on day 3 and day 6
post challenge and the H1N1 viral titers in the lungs of mice were determined as previously
described [18]. Immunized mice had no detectable H1N1 virus in their lungs but mice in
both control groups had high-levels of H1N1 virus present (Table 1). Histological evaluation
of the lungs of H1N1 challenged mice 6 days post challenge revealed extensive hemorrhagic
pulmonary inflammation in both control groups (Fig. 3). The lungs from control mice
displayed dense granulocytic and lymphocytic cell infiltrates in the interstitum, around
vessels and airways with focally denuded lamina propria due to epithelial necrosis and
desquamation. In contrast, the lungs of all vaccinated mice were normal without the
presence of histopathological changes associated with viral infection (Fig. 3).

2.3. Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA immunization protected ferrets from H1N1
challenge

Ferrets are widely used as an animal model to predict vaccine outcome or antiviral efficacy
in humans [18,19]. To investigate the effectiveness of immunization with Ad5 [E1-, E2b-]-
HA and Ad5 [E1-, E2b-]-NA to protect from infection with H1N1 virus in ferrets, groups of
three to four month old ferrets were immunized three times at two-week intervals with 1010

VP of Ad5 [E1-, E2b-]-HA + NA (2 × 1010 VP total) (n = 6) or 1010 VP of Ad5 [E1-, E2b-]-
HA (n = 5). An experimental control group consisted of ferrets (n = 4), which were injected
three times at two-week intervals with normal saline. Vaccine-induced HAI titers were
determined 27 days after the final immunization. Vaccinated ferrets had robust levels of
H1N1 specific antibodies present with HAI titers averaging 1:160–1:640 in Ad5 [E1-,
E2b-]-HA + NA immunized ferrets and 1:320–1:1280 in Ad5 [E1-, E2b-]-HA immunized
ferrets (Table 3). Thirty days after the final vaccination, all ferrets were inoculated
intranasally with 106 TCID50/animal of Influenza H1N1 A/CA/07/2009.

Ferrets were observed for disease development for 21 days following challenge. The animals
in the control group experienced significant weight loss, averaging −6.61% change from
baseline at day seven. Ferrets immunized with Ad5 [E1-, E2b-]-HA + NA experienced no
weight loss following challenge and continually gained weight during the course of the
study. Ferrets in the control group weighted significantly less than Ad5 [E1-, E2b-]-HA +
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NA vaccinated mice on study day 5 (p = 0.017), day 7 (p < 0.01), day 10 (p = 0.015) and
day 13 (p = 0.013). Ferrets immunized with Ad5 [E1-, E2b-]-HA alone experienced only
mild and transient weight loss. Ferrets in the control group weighed significantly less than
Ad5 [E1-, E2b-]-NA on study day 7 (p = 0.041). All ferrets in the control group presented
clinical signs of disease including nasal discharge, ocular discharge and sneezing beginning
on day 3 post challenge (Table 2). The vaccinated ferrets immunized with Ad5 [E1-, E2b-]-
HA + NA or Ad5 [E1-, E2b-]-HA remained healthy with no clinical signs of H1N1 infection
with the exception of one ferret from each group that experienced short-lived, mild nasal
discharge. The H1N1 virus challenge was not lethal in any of the groups of ferrets.

Four days following challenge, nasal washes were performed on the ferrets and the H1N1
vial load was determined as previously described [18]. Nasal washes from vaccinated ferrets
contained no detectable infectious H1N1 virus as opposed to control ferrets, which had high
titers of H1N1 virus present in their nasal washes (Table 2). Vaccination with Ad5 [E1-,
E2b-]-HA + NA or Ad5 [E1-, E2b-]-HA alone may prevent viral shedding in this animal
model of human infection.

3. Discussion
The studies reported herein demonstrate the potential utility of the Ad5 [E1-, E2b-] platform
for vaccine development to protect against emerging pathogenic threats. The Ad5 [E1-,
E2b-]-HA and Ad5 [E1-, E2b-]-NA vaccines were designed and constructed rapidly from
the then currently circulating 2009 H1N1 viral isolates which may have provided for the
most biologically relevant vaccine to the pandemic virus. The vaccine was produced and
constructed in less than six-weeks after insert sequence identification. This rapid production
process could serve as a great advantage over traditional, egg-based manufacturing
processes to quickly produce vaccines to emerging pathogens.

T cell immunity directed against influenza viral antigens have been reported to provide
protection in animal models as well as in humans [20,24–27]. CMI responses play a major
role in the control of viral infection and viral clearance through either direct lysis of infected
cells and/or secretion of antiviral cytokines and chemokines [20–23]. To develop complete
immunologic memory against influenza, especially heterosubtypic immunity, it has been
reported that the vaccination must induce both B-cell and CD4 immunity [28]. Traditional
subunit influenza vaccines only induce neutralizing antibodies targeting external viral coat
proteins. Vaccination with Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA induced robust
CMI and humoral immune responses to H1N1, which translated into significant protection
from disease development and death following H1N1 challenge in mice. Vaccinated ferrets
also displayed significant protection from H1N1 challenge. They had minimal or no clinical
symptoms of H1N1 infection and nasal washes revealed a complete blockade of the virus
production in the upper respiratory tract. Reducing the clinical symptoms of influenza such
as coughing and sneezing as well as potentially blocking H1N1 virus shedding can greatly
reduce horizontal transmission, an important aspect in containing pandemic infectious
diseases.

Although the protective effects of immunization against H1N1 was observed following
immunization with Ad5 [E1-, E2b-]-HA alone, the most effective vaccination strategy in
both the mouse and ferret models was immunizing against both the HA and NA targets.
Immunity to NA reduced clinical symptoms of disease in both mice and ferrets. This finding
is in agreement with other reports that vaccination against both targets results in a broader
protective immunity against influenza infection than vaccination against HA alone [29,30].

The Ad5 [E1-, E2b-] is a platform technology that can be utilized to produce vaccines
against numerous pathogens that pose serious threats such as pandemic viruses but also
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potential bioterrorism agents. Antigenic gene targets to NIH Category A bioterrorism agents
such as the filoviruses Ebola and Marburg or the arenaviruse Lassa have been identifeid and
could be inserted into the viral backbone to produce a vaccine such as we have done here
[31–33]. The antigen insert could also be re-designed and a vaccine rapidly produced if the
pathogen is modified intentially or through natural adaptive processes.

The advancement of molecular technologies, such as rapid sequencing techniques and
recombinant viral vectors, should be employed in the development of vaccines against novel
and emerging pathogens. Historically, the response rate to pathogen outbreaks or pandemic
pathogen emergence has been slow and vaccine development has lagged, resulting in major
negative public heath and economic cost worldwide [34]. New technologies that can be
employed in the rapid development of effective vaccines against pathogenic threats, such as
the Ad5 [E1-, E2b-] platform, should be explored and exploited. The Ad5 [E1-, E2b-]
antigen delivery platform and the manufacturing human E.C7 cell line has been successfully
used to manufacture human grade vaccine material which has been approved by the FDA for
clinical use and is now being administered to humans [35]. In future studies, we will
continue to develop this platform for a H1N1 vaccine as well as insert antigenic targets from
other influenza strains to induce broad influenza immunity.

4. Methods
4.1. Influenza virus

Influenza A/CA/07/2009 (H1N1) virus was obtained from the U.S. Centers for Disease
Control and Prevention. The viral stock was grown in 10-day-old chicken eggs, harvested,
and frozen at −80 °C in 1 ml portions that contain approximately 1 × 107 TCID50/ml.

4.2. Gene synthesis and Ad5 vectors construction
Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA was constructed and produced as previously
described [13–16] using 1743 bp HA and 1421 bp NA consensus gene sequences generated
from HA and NA viral coat proteins of pandemic 2009 H1N1 strains from North and South
America.

4.3. Animal studies
Six to eight-week-old female BALB/c mice (Charles River, Wilmington, MA) were housed
in animal facilities at the Infectious Disease Research Institute (IDRI) (Seattle, Washington)
or at the University of Texas, Medical Branch (Galveston, TX). Three to four month old
ferrets (Triple F Farms, Sayre, PA) were housed at the University of Texas, Medical Branch.
All procedures were conducted according to Institutional Animal Care and Usage
Committee (IACUC) approved protocols. Animals were given food and water ad libitum.

4.4. Western blot analysis
Western blot analysis to determine HA and NA expression by the Ad5 [E1-, E2b-]-HA and
Ad5 [E1-, E2b-]-NA vectors was performed as previously described [13]. The probing
antibody used was mouse anti-HA or anti-NA antibody (1:250) (provided by NIH
Biodefense and Emerging Infections (BEI) Research Resources Repository, NIAID, NIH).
Western blotting analysis system (GE Healthcare, Piscataway, NJ) was run according to the
manufacturer’s specifications.

4.5. Hemagglutination inhibition (HAI) testing
A HAI assay was performed as previously described [18]. HI antibodies to the circulating
strains of influenza A were measured by a standard method [36]. The HI titers of ferret
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serum samples are reported as the reciprocal of the highest dilution at which
hemagglutination was inhibited.

4.6. Enzyme-linked immunospot (ELISpot) assay for IFN-γ and IL-2 secreting cells
A previously described ELISpot assay [13–16] was used to detect H1N1 HA and NA
specific IFN-γ and IL-2–producing T cells from mouse splenocytes stimulated with HA or
NA peptides. Cells stimulated with concanavalin A (ConA) at a concentration of 0.0625 μg/
well served as positive controls. Colored spot-forming cells (SFC) were counted using an
Immunospot ELISpot plate reader (Cellular Technology, Shaker Heights, OH) and
responses were considered to be positive if, 1) 50 SFC were detected/106 cells after
subtraction of the negative control and, 2) SFC were ≥2-fold than those in the negative
control wells.

4.7. Flow cytometry
To assess CD4 T cell responses, CD4+ cells in splenocytes were assayed for IL-2 production
employing flow cytometry methods previously described [37,38]. Splenocytes from
immunized and control mice (n = 5/group) were harvested and incubated 5 h with 0.5 μg/ml
H1N1-HA peptide, in the presence of GolgiStop, a protein transport inhibitor. Cells were
then fixed, permeabilized, stained for IL-2, and analyzed by flow cytometry.

4.8. Median tissue culture infectious dose (TCID50) assay
Serial ten-fold dilutions of the virus stock or of a 10% tissue homogenate was prepared in
MEM without serum. MDCK cells were grown to confluency in 96-well tissue culture
plates, washed twice with 100 μl of DPBS, followed by inoculation of 100 μl of each virus
dilution of virus into four replicate wells, or, as negative control, DPBS. Plates were
incubated for 90 min at 37 °C, 5% CO2, after which an additional 100 μl of MEM was
added to each well. Plates were incubated for 4 days at 37 °C, 5% CO2. HA assay [36] was
performed by removing 50 μL of supernatant from each well and transferring it to a 96-well
plate, followed by addition of 50 μL per well of a 0.5% solution of whole chicken
erythrocytes (Charles River) suspended in DPBS w/Ca+ and Mg2+. Erythrocytes were
allowed to settle and hemagglutination was documented for each replicate. Virus
concentration of stocks for infection was determined as TCID50 per ml. For organ titrations,
infectious virus titers were expressed as median tissue culture infectious (TCID50) dose per
gram (g) of tissue [36]

4.9. Statistical analysis
Statistically significant differences in the mean immune responses between groups of
animals were determined by Student’s t-test with a p-value of ≤0.05 being considered
significant (GraphPad Prism® Software, Inc.). Survival curve analysis was performed using
the log rank (Mantel–Cox) test (GraphPad Prism® Software, Inc.).
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Fig. 1.
CMI dose response titration of Ad5 [E1-, E2b-]-HA and Ad5 [E1-, E2b-]-NA. Ad5 naïve
BALB/c mice (n = 5/group) were immunized three times every two weeks using a dose of
108, 109 or 1010 VP Ad5 [E1-, E2b-]-HA (a), Ad5 [E1-, E2b-]-NA (b) or Ad5 [E1-, E2b-]-
HA + NA (c and d) or buffer alone (controls). Fourteen days after the final immunization,
splenocytes from the mice were assessed by ELISpot analysis for IFN-γ (black bars) or IL-2
(striped bars) secretion following antigen peptide stimulation. The greatest induction of CMI
was achieved using 1010 VP of the vector. For positive controls, splenocytes were pulsed
with concanavalin A in all ELISpot assays (data not shown). The error bars depict the
standard error of the mean (SEM).
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Fig. 2.
Immune protection from lethal H1N1 challenge in mice. Mice (n = 15) were immunized
with Ad5 [E1-, E2b-]-HA + NA (2 × 1010 VP total) once (●), twice (■) or three times (▲)
at a two week interval. A fourth group of mice were immunized three times at a two week
interval with 1010 VP of Ad5 [E1-, E2b-]-HA alone (▼). Mice immunized with Ad5-null, an
Ad5 vector with no transgene insert, were used as a vector control group (○) and non-
immunized mice were used as experimental controls (◆). Forty-six days after the last
vaccination, mice were inoculated intranasally with 105 PFU/animal of Influenza H1N1 A/
CA/07/2009 and weight loss (a) and survival (b) were recorded and evaluated. p < 0.01; log
rank test between vaccinated and vector control mice survival and p < 0.01; log rank test,
between vaccinated and experimental control mice survival by Mantel–Cox analysis.
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Fig. 3.
Photomicrographs of the lung sections of H1N1 challenged mice. Lung sections from mice
at 6 days post challenge were hematoxylin and eosin stained. Lungs from mice immunized
one (a), two (b) or three times (c) with Ad5 [E1-, E2b-]-HA + NA (2 × 1010 VP total), three
times with Ad5 [E1-, E2b-]-HA alone (d) exhibited no signs of H1N1 infection and the
airway epithelium remained intact (original magnification 40×). Lung samples from vector
control mice (e) and non-immunized mice (f) had dense granulocytic and lymphocytic cell
infiltrates.
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Table 1

Viral load in the lung of mice after challenge with H1N1 virus and H1N1 virus specific humoral response pre-
and post challenge.

Group Viral titer in lung (log 10 TCID50 /g)a HAI

Day +3 Day +6 Day −3 Day +21

1X-Ad5 [E1-, E2b-]-HA+NA <LDb <LD 1:640 1:2560

2X-Ad5 [E1-, E2b-]-HA+NA <LD <LD 1:1280 >1:5120

3X-Ad5 [E1-, E2b-]-HA+NA <LD <LD 1:1280 >1:5120

3X-Ad5 [E1-, E2b-]-HA <LD <LD 1:896 1:1706

Vector Control 5.3;5.3;5.5 4.5; 5.5; 3.6 <1:40 NA

Experimental Control 6.3; 5.7; 4.7 4.5; 5.0; 3.5 <1:40 1:1280

a
Challenge virus was Influenza H1N1 A/CA/07/2009.

b
LD, limit of detection.
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Table 2

Clinical symptoms of disease in ferrets following H1N1 challenge. Number of ferrets with clinical symptomsa/
total number of ferrets.

Day post challenge Saline Ad5 [E1-, E2b-]-HA + NA Ad5 [E1-, E2b-]-HA

0 0/4 0/6 0/5

1 0/4 0/6 0/5

2 4/4 0/6 1/5

3 2/4 0/6 1/5

4 4/4 1/6 1/5

5 4/4 0/6 0/5

6 4/4 0/6 0/5

7 4/4 0/6 0/5

8 4/4 0/6 0/5

9 2/4 0/6 0/5

10 1/4 0/6 0/5

11 1/4 0/6 0/5

12 0/4 0/6 0/5

a
Clinical symptoms of disease include nasal discharge, fatigue, ocular discharge and/or sneezing.
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Table 3

Hemagglutinin inhibition (HAI) titers in ferrets pre-challenge and viral load in nasal washes of ferrets 4 days
post challenge with H1N1.

Group HAI Viral load in nasal discharge (TCID50 /ml)a

GMT Range

Ad5 [E1-, E2b-]-HA+NA 452.5 1:160–1:640 <LDb

Ad5 [E1-, E2b-]-HA 640 1:320–1:1280 <LD

Saline <1:40 NA 5.7;5.0;4.5;4.7

a
Challenge virus was Influenza H1N1 A/CA/07/2009.

b
LD, limit of detection.
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