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The Vaccine Research Center has developed vaccine candidates for different diseases/infectious 

agents (including HIV-1, Ebola, and Marburg viruses) built on an adenovirus vector platform, 

based on adenovirus type 5 or 35. To support clinical development of each vaccine candidate, 

pre-clinical studies were performed in rabbits to determine where in the body they biodistribute 

and how rapidly they clear, and to screen for potential toxicities (intrinsic and immunotoxicities). 

The vaccines biodistribute only to spleen, liver (Ad5 only), and/or iliac lymph node (Ad35 only) 

and otherwise remain in the site of injection muscle and overlying subcutis. Though ∼1011 viral 

particles were inoculated, already by Day 9, all but 103 to 105 genome copies per μg of DNA 

had cleared from the injection site muscle. By three months, the adenovector was cleared with, 

at most, a few animals retaining a small number of copies in the injection site, spleen (Ad5), 

or iliac lymph node (Ad35). This pattern of limited biodistribution and extensive clearance is 

consistent regardless of differences in adenovector type (Ad5 or 35), manufacturer's construct and 

production methods, or gene-insert. Repeated dose toxicology studies identified treatment-related 

toxicities confined primarily to the sites of injection, in certain clinical pathology parameters, 

and in body temperatures (Ad5 vectors) and food consumption immediately post-inoculation. 

Systemic reactogenicity and reactogenicity at the sites of injection demonstrated reversibility. 

These data demonstrate the safety and suitability for investigational human use of Ad5 or Ad35 

adenovector-based vaccine candidates at doses of up to 2 × 1011 given intramuscularly to prevent 

various infectious diseases.
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Introduction

Adenovirus (Ad) vectored vaccine candidates are a novel product class that began to be 

tested clinically for preventive infectious disease indications starting in the early 2000s. 

Initial candidates were based on adenovirus type 5 (Ad5); however, newer pre-clinical 

and clinical candidates are based on alternative adenovirus serotypes, such as Ad35, or 

on chimeric constructs designed with the intention of circumventing the high degree of 

pre-existing immunity to Ad5 in the human population, should this factor or other safety 

issues prove to reduce the utility of the Ad5 vectors currently in clinical testing (Thorner 

et al., 2006). This novel product class represents a unique regulatory challenge. In order 

to advance pre-clinical candidates forward into the clinic, pre-clinical safety evaluations 

need to be conducted to determine where in the body the adenovectors would biodistribute 

after intramuscular inoculation (in order to identify potential target organs for toxicity) and 

whether any toxicological effects could be identified. Such effects might either be as a 

direct (intrinsic) toxicity from the adenovectors or as immunotoxicity resulting from the host 

immune response to the vaccine insert or adenovector antigens (for a brief discussion about 

vaccine-induced immunotoxicity, see Sheets et al., 2006b).

Frequent vaccine-induced adverse reactions or toxicities are generally referred to as 

“reactogenicity” and they will be referred to this way throughout this article. These 
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can include local reactions at the site of injection, such as pain, tenderness, erythema, 

or induration, or systemic reactions, such as fever, fatigue, malaise, myalgia, headache, 

nausea, vomiting, inappetence, etc. Reactogenicity is often the consequence of intended or 

unintended immune responses and inflammation induced by the vaccine. Vaccines by and 

large are safe, as they must be, given that they are administered to healthy individuals to 

prevent a potential future disease. Most of the side effects seen with vaccines are of this 

typical type of local and systemic reactogenicity. Thus, preclinical safety assessments of 

vaccine candidates to support their clinical investigation must address the types and severity 

of reactogenicity that is expected with vaccines as well as identify any potential safety 

signals that might be unusual to a particular vaccine candidate.

Rabbits were chosen as the test model for these studies as they are a species large enough 

to receive a full human dose of vaccine. This is important since the immunogenicity and/or 

pharmaceutical effect of vaccines does not scale directly to body weight or body surface 

area, as may be the case for most drugs that disseminate through the blood to other 

parts of the body. Vaccines act at the local site of injection (if delivered parenterally) to 

induce an immune response that traffics systemically. Thus, delivery of a full human dose 

to the animal model is deemed the most suitable means of addressing potential human 

toxicities (CBER, 2006; Chang et al., 2007). Based on current clinical experience with Ad5 

vectors as vaccine candidates, rabbits appear to be a good predictor of the reactogenicity 

that is being observed in the clinic (Catanzaro et al., 2006). For Ad35, there are not yet 

sufficient clinical data to validate the rabbit as the appropriate animal model. However, 

Ad35 as a vaccine vector for tuberculosis and malaria entered clinical trials in late 2006 

(Crucell, 2006a, 2006b), so these data will be forthcoming. In addition, the Ad35 vaccine 

described herein has also entered clinical trials (GenVec, 2007). While Ad5 (a subgroup 

C Adenovirus) primarily enters cells by binding to the Coxsackie and Adenovirus receptor 

(CAR), Ad35 (a subgroup B Adenovirus) utilizes CD46 (membrane cofactor protein) as 

a receptor. The tissue distribution of CD46 expression is reported for a small number of 

species, but has not yet been elucidated for rabbits. Further, it should be noted that this is 

not the appropriate animal model for HIV disease or AIDS. Nor is it the appropriate model 

to assess the effect vaccination might have on subsequent acquisition of HIV (or appropriate 

model, such as SIV) or disease, as would be assessed in a challenge-protection model. The 

studies undertaken as reported herein were not intended to model HIV acquisition or disease 

progression in vaccinated animals, only to assess acute or sub-acute intrinsic toxicities and 

immunotoxicities, as recommended by regulatory authorities, specifically, the United States 

Food and Drug Administration (FDA), which has regulatory jurisdiction over the clinical 

trials we have proposed or performed with these investigational vaccines.

The Vaccine Research Center (VRC) is developing several vaccine candidates to prevent 

human diseases based on the adenovirus vector platform. These candidate vaccines 

are intended for use in prevention of diseases caused by viruses including Human 

Immunodeficiency Virus (HIV-1), Ebola, and Marburg. Inoculation of adenovectors with 

gene-inserts encoding HIV-1, Ebola, or Marburg proteins results in the in vivo expression of 

the viral antigens. Strong antigen-specific cellular and humoral immune responses are thus 

induced (Sullivan et al., 2000; Catanzaro et al., 2006; Sullivan et al., 2006; Sun et al., 2006, 

unpublished data). In order to provide preclinical data to support the safety and suitability 
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of the candidate vaccines to proceed into human clinical testing, three biodistribution studies 

and four repeated dose toxicology studies were performed on the four adenovector-based 

vaccine products that will be described herein. In addition, two of the repeated dose 

toxicology studies reported were performed delivering the adenovector as a boost to a 

DNA plasmid vaccine prime. The biodistribution and safety of DNA plasmid vaccines were 

separately demonstrated and previously reported (Sheets et al., 2006a, 2006b). The methods 

and study designs reported herein are quite similar to those performed on the DNA plasmid 

vaccines. The primary difference between the earlier studies and these are that the DNA 

plasmid vaccines do not biodistribute outside the injection site and primarily result in local 

reactions. However, like the adenovectors, the biodistribution and toxicology profiles seem 

to reflect the platform (DNA plasmids or adenovectors) rather than the gene-inserts being 

expressed.

Materials and Methods

Adenovirus Vector Vaccine Products (Table 1)

Product 14 (Ad5HIV)—This product is described in Catanzaro et al. (2006), and is 

produced by GenVec. Dosage of GenVec-produced adenovectors is expressed in terms of 

particle units (PU). The DNA plasmid prime used with this product was also previously 

described (Sheets et al., 2006a) and the biodistribution and toxicological safety when given 

alone were reported (Sheets et al. 2006a, 2006b). The genes expressed by both prime 

and boost are essentially matched. Clinical safety data for both products administered 

separately are reported (Catanzaro et al., 2006; Graham et al., 2006) and safety data are 

being generated for the prime-boost regimen, which is currently being studied in several 

Phase 1 and 2 trials being conducted in the Americas and Africa.

Product 18 (Ebola)—This product is a combination of 2 adenovectors based on Ad5 

and produced by Crucell. These vectors contain deletions in E1 and E3, rendering them 

replication-defective. The vectors express glycoproteins of Ebola Sudan/Gulu and Zaire 

strains for which a mutation (mut) that abrogates the cytopathicity observed in vitro with 

the wild-type sequences (Sullivan et al., 2000, 2005, 2006) has been introduced. Dosage of 

Crucell-produced adenovectors is expressed in terms of viral particles (VP).

Product 21 (Ad5Marburg)—This product, produced by Crucell, is based on an Ad5 

vector, which is deleted in E1 and E3. The gene insert expresses the WT glycoprotein of 

Marburg virus (Angola strain).

Product 22 (Ebola)—This product is also a combination of 2 adenovectors based on Ad5, 

produced by Crucell, and expressing the wild-type (WT) glycoproteins of Ebola Sudan/Gulu 

and Zaire strains. This product differs from Product 18 in that each gene insert expresses 

unmutated full-length WT sequences.

Product 25 (DNAMarburg)—This product, manufactured by Althea, expresses the same 

Marburg glycoprotein as Product 21 described above, in a DNA plasmid backbone under 

the CMV/R promoter (as described in Sheets et al., 2006a for other DNA plasmid vaccine 
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products). This product was delivered by Biojector 2000, as previously described (Sheets et 

al., 2006a).

Product 27 (Ad35HIV)—This prototype vaccine, also produced by GenVec, encodes only 

the HIV-1 Clade A env gene (identical to that contained in Product 14) but this gene 

is inserted into an adenoviral vector system based on Ad35, instead of Ad5. This vector 

contains deletions in the E1 region, rendering it replication-defective.

Dosage Quantitation of Adenovectors

The difference in units in which the doses are described is due to differences in assay 

methodology of each manufacturer. Dosage of GenVec-produced adenovectors is expressed 

in terms of particle units (PU). Dosage of Crucell-produced adenovectors is expressed in 

terms of viral particles (VP). In both cases what is being measured is the number of physical 

viral particles, as opposed to an infectious titer, since the adenovectors are replication­

defective. The units do not measure a biological function, such as “infectiousness,” but are 

physical measurement of particles, functional or not.

Biodistribution Study Designs

Studies A, B, and C were performed by GeneLogic (Gaithersburg, MD, now Bridge 

Laboratories) and involved inoculation of 11–17-week-old New Zealand white rabbits with 

0.5–1 × 1011 PU or VP of adenovector delivered intramuscularly (IM) into the hind limb in 

0.5 ml. In each study, comparison was made to the vaccine's final formulation buffer (FFB, 

vaccine vehicle). Animals were inoculated one time at Study Day (SD) 1 and sacrificed 

by sodium pentobarbital and exsanguination at SD9, SD61 (Studies A and B), or SD91/93. 

The variance in study days for sacrifice between studies was based on pragmatic scheduling 

considerations at the animal facility and timepoints approximated 1 wk, 2 mo (Studies A and 

B), and 3 mo post-inoculation. The 2 mo time point was deleted from Study C design to 

streamline the study based on the prior experience.

The following organs were collected for biodistribution analyses: blood, gonads, liver, 

thymus, heart, lung, kidney, spleen, mesenteric lymph node, right and left popliteal lymph 

nodes or right & left iliac lymph nodes, subcutis at the injection site, thigh muscle at the 

injection site, bone marrow (from left femur), and brain. Paired organs were processed 

together, except the popliteal or iliac lymph nodes, which were processed separately. Tissues 

and bone marrow cells were snap frozen in liquid nitrogen after being placed in sterile 

vials and stored at −70° C. In addition, animals were monitored for morbidity (tremors, 

convulsions, salivation, diarrhea, lethargy, coma, atypical behavior) and mortality twice 

daily and for clinical signs of toxicity (evaluation of skin and fur characteristics, eye 

and mucous membranes, respiratory, circulatory, autonomic and central nervous systems, 

and somatomotor and behavior patterns) prior to dosing, weekly, and at sacrifice. Body 

weights were taken prior to dosing, weekly, and at sacrifice (fasted) and food consumption 

was measured daily. These studies were performed in compliance with Good Laboratory 

Practices (GLP) regulations (21 CFR 58).
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Repeated-Dose Toxicology Study Designs

The Study Schemas are displayed in Table 2. All studies were performed by GeneLogic 

(now Bridge Laboratories) at its facilities in (Gaithersburg, MD). In each study, 10 New 

Zealand white rabbits per gender were inoculated intramuscularly with the doses and on 

the schedules indicated in Table 2. Doses were split to permit administration of 0.5 ml/

inoculation. Split doses were administered ≈1 inch apart into the hind limb and each 

subsequent dose was delivered to alternate hind limbs. The DNA plasmid prime in the 

Ad5 HIV study (Study D) and the Marburg study (Study F) were inoculated with the 

Biojector 2000 as described in Sheets et al. (2006a). The adenovectors were delivered with 

needle-and-syringe.

In each study, the number of inoculations was determined by considering the proposed 

or potential clinical trial design and adding one additional inoculation. In the cases of 

prime-boost regimens, one additional prime and one additional boost inoculation were 

given beyond that planned for the clinic in order to introduce a margin-of-safety into the 

toxicology study design because dosing at higher than the intended human dose with clinical 

trial material was of limited feasibility. The highest proposed clinical dose of adenovirus 

vector was given in each study.

Half the animals (5 per gender) were sacrificed 2 d (immediate) after, and the 

rest 2 wk (recovery) after, the final inoculation (see Table 2 for SD). Animals 

were monitored for mortality and morbidity (cageside and clinical observations as 

described above), Draize scores, body temperatures, body weight and weight changes, 

food consumption, ophthalmology, and clinical pathology (hematology, chemistries, and 

coagulation parameters–as reported in Table 2 in Sheets et al. (2006b); in addition, 

fibrinogen was monitored in Studies F & G) during the in-life portion of the study and 

immediately prior to or at the time of sacrifice.

Necropsies included organ weights and ratios and gross and histopathology (tissues as listed 

in Tables 3, 4, and 5 in Sheets et al. [2006b]). Samples were taken for immunogenicity 

assays (ELISAs) to confirm that active doses were inoculated (i.e., dosing confirmation) 

as required by GLP. These studies were performed in accordance with GLP, except the 

immunogenicity analyses, which were performed as described below. Draize scores were 

measured as: a score of 0 or grade of none reflected no swelling or normal color; a score 

of 1 or grade of minimal reflected slight swelling with an indistinct border or light pink, 

indistinct; a score of 2 or grade of mild reflected defined swelling with a distinct border or 

bright pink to pale red, distinct; a score of 3 or grade of moderate reflected defined swelling 

with a raised border (< 1 mm) or bright red, distinct; a score of 4 or grade of severe reflected 

pronounced swelling with a raised border (≥ 1 mm) or dark red, pronounced.

Statistical analyses of repeated-dose toxicology studies: Body temperature, body weights 

and changes, food consumption, organ weights and ratios, and clinical pathology data were 

analyzed using the Kolmogorov-Smirnov test for normality, the Levene Median test for 

equal variance and by oneway Analysis of Variance (ANOVA). If either the normality or 

equal variance tests failed, then the analysis continued using the non-parametric Kruskal­

Wallis ANOVA on rank-transformed data. The probability value of less than 0.05 (two­
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tailed) was used as the critical level of significance for all tests, without introducing 

adjustments for the multiplicity of analyses. Statistical analyses were conducted using 

SigmaStat Statistical Software (Jandel Scientific, San Rafael, CA). The concurrent gender­

matched concurrent placebo control group was used for comparison of data in all cases. 

For any group/time point where n = 1, no statistical analysis was performed. Because of 

the multiplicity of analyses performed and the number of analyses of clinical pathology 

parameters demonstrating statistical significance, additional statistical analyses (ANOVA) 

were performed on the clinical pathology parameters in order to highlight those that were 

most consistent between genders, timepoints, and studies, or to identify those that may have 

been overlooked by investigating for clinical correlates to the differences noted.

Tissue Processing and DNA Extraction

Generally, 200 mg of tissue were processed for DNA extraction. Tissues were subjected to 

enzymatic digestion with Qiagen lysis buffer and proteinase K. DNA was extracted with 

the BioRobot M48 Workstation (Qiagen) using reagents and protocols recommended by the 

manufacturer. A naïve tissue sample was included with each run of the BioRobot to serve as 

a sentinel control for contamination. The concentration of the eluted DNA was determined 

by UV spectrophotometry, and adjusted to a final concentration suitable for qPCR.

qPCR Analysis for Study A

A multiplex TaqMan qPCR assay was designed to target each of the four recombinant 

adenovectors containing HIV inserts that compose the Product #14 vaccine. Primers and 

probe were designed using Primer Express™ software (Applied Biosystems, Inc., Foster 

City, CA). The four forward primers used were 5′-CTGTAGATCACCAGCATGCCC-3′, 

5′-GGATCTTCTCCCAGCGGTC-3′, 5′-CAGAAACCCAGGATACCCCAC-3′, and 5′­

GCTAGACTCGAGAGCGGCC-3′. The two reverse primers used were 5′­

ACATCCACTTTGCCTTTCTCTCC-3′ and 5′-GCTGGAGCTGGACAAGTGG-3′; the 

probe was 5′-FAM-TCGAATTCTGCAGTGATCAGGGATCC-BHQ2-3′. TaqMan reactions 

were performed in a 96-well plate using the ABI PRISM 7700 instrument. Amplification 

of the target sequence was performed in duplicate reactions each containing up to 1 μg 

genomic DNA (gDNA) from tissue, and 2× TaqMan Universal PCR Master Mix (Applied 

Biosystems) with the primers at final concentrations of 50, 50, 50, 150, 150, and 150 nM 

respectively, and the probe at a final concentration of 100 nM.

A third replicate reaction was performed spiked with 100 copies of the target sequence to 

monitor qPCR inhibition. Cycling conditions were 50°C for 2 min, 95°C for 10 min, and 

45 cycles of 95°C for 15 sec and 60°C for 1 min. Quantification of the target sequence 

in each specimen was determined using a standard curve of plasmid DNA diluted in a 

background of gDNA isolated from a naïve animal. Standards, no template controls, sentinel 

extraction controls, and background gDNA controls were all run in duplicate reactions. 

Assay performance characteristics were established and the assay qualified for use in the 

animal model. The limit of detection (LOD) of the assay was 10 copies of target sequence/

microgram (μg) of gDNA and the limit of quantification (LOQ) was 50 copies/μg of gDNA. 

qPCR analyses were performed by Althea Technologies, Inc. (San Diego, CA)
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qPCR Analysis for Study B

A TaqMan® qPCR assay was designed to target the adenovirus vector 

sequence common to both components of the vaccine. Primers and 

probe were designed using Primer Express software (Applied Biosystems). 

Forward primer used was 5′-TTAAGCTGGGATGGGTGCAT-3′, the reverse 

primer was 5′-TGGTGGTTCTGCACAACATGA-3′, and the probe was 5′-FAM­

TATGTTCCCAGCCATATCCCTCCGG –BHQ2-3′.TaqMan reactions were performed in a 

96-well plate using the ABI PRISM 7700 instrument. Amplification of the target sequence 

was performed in duplicate reactions each containing up to 1 μg genomic DNA (gDNA) 

from tissue, and 2× TaqMan Universal PCR Master Mix (Applied Biosystems) with primers 

and probe at final concentrations of 300 nM and 100 nM, respectively. A third replicate 

reaction was performed spiked with 100 copies of the target sequence to monitor qPCR 

inhibition. Cycling conditions were 50°C for 2 min, 95°C for 10 min, and 45 cycles of 

95°C for 30 sec and 60°C for 1 min. Quantification of the target sequence in each specimen 

was determined using a standard curve of plasmid DNA diluted in a background of gDNA 

isolated from a naïve animal. Standards, no template controls, sentinel extraction controls, 

and background gDNA controls were all run in duplicate reactions. Assay performance 

characteristics were established and the assay qualified for use with the animal model. The 

limit of detection (LOD) of the assay was 10 copies of target sequence per microgram (μg) 

of gDNA and the limit of quantification (LOQ) was 50 copies per μg of gDNA. qPCR 

analyses were performed by Althea Technologies, Inc.

qPCR Analysis for Study C

A TaqMan qPCR assay was designed to target the Adenovirus type 35 

(Ad35) backbone of the Ad35 vectored HIV vaccine. Primers and probe were 

designed using Primer Express software (Applied Biosystems). The forward 

primer used was 5′-TGGATAAAAGTTTGGCAATGGA-3′, the reverse primer 

was 5′-AATCGTGCCAGATGAATTAACAA-3′, and the probe was 5′ -FAM­

ATACTCGCGTGCCAGGCACTTCC-BHQ2-3′. TaqMan reactions were performed in a 

96-well plate using the ABI PRISM7700 instrument. Amplification of the target sequence 

was performed in duplicate reactions each containing up to 1 μg genomic DNA (gDNA) 

from tissue, and 2× TaqMan Universal PCR Master Mix (Applied Biosystems) with primers 

and probe at final concentrations of 300 nM and 100 nM, respectively.

A third replicate reaction was performed spiked with 100 copies of the target sequence to 

monitor qPCR inhibition. Cycling conditions were 50°C for 2 min, 95°C for 10 min, and 

40 cycles of 95°C for 15 sec and 60°C for 1 min. Quantification of the target sequence 

in each specimen was determined using a standard curve of plasmid DNA diluted in a 

background of gDNA isolated from a naïve animal. Standards, no template controls, sentinel 

extraction controls, and background gDNA controls were all run in duplicate reactions. 

Assay performance characteristics were established and the assay qualified for use with 

the animal model. The limit of detection (LOD) of the assay was 10 copies of target 

sequence/μg of gDNA and the limit of quantification (LOQ) was 50 copies/μg of gDNA. 

qPCR analyses were performed by Althea Technologies, Inc.
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Statistical Analyses on the PCR Results

Mean copy numbers for each tissue at the first and last time points were compared using 

the Wilcoxon Rank-sum test. Initially, differences between genders for each tissue and time 

point were compared to confirm that gender differences did not exist, so that data for both 

genders could be pooled and analyzed together. The p-values are reported in Figure 1.

Immunogenicity by Antibody ELISA

Optimized concentrations of purified recombinant antigens were coated onto Immunol-2 

HB microtiter plates (Thermo Lab-systems, Milford, MA) overnight at 4°C. As detailed 

in Table 3, HIV GAG antigen was purchased commercially, while the remainder of the 

antigens were generated in-house. The VRC plasmids were expressed in 293T cells and 

purified for the major protein product. Plates were washed and blocked (20% FBS/1% 

BSA-buffered solution) for 1 hr at 37°C. Duplicate wells received the rabbit sera dilutions 

and were then incubated 2 hr at 37°C; after washing and removal of non-adherent materials, 

each well received (and was incubated with) biotin-labeled anti-rabbit (IgG/IgA/IgM) 

(KPL, Gaithersburg, MD) for 1 hr at 37°C. After this period, each well was washed 

and then received (and was incubated with) streptavidin-HRPO (horseradish peroxidase) 

for 30 min at room temperature; after washing, each well then received TMB (3,3′,5,5′ 
-tetramethylbenzidine) substrate and was incubated for 30 min at room temperature. Color 

development was stopped by addition of 10 μl 1N sulfuric acid, and the absorbance in each 

well was then read within 30 min at 450 nm.

A minimum of 2 dilutions of the pre-vaccination and end of study samples were run for 

each animal and antigen in duplicate wells. Mean ODs for each dilution were compared to 

the mean OD of the same dilution of the pre-immunization sample. Sera were considered 

responsive if the post-vaccination OD was >0.2 more than the pre-vaccination sample of the 

same animal.

Results

Biodistribution

As a general pattern, the adenovectors remained primarily at the site of inoculation in the 

muscle and subcutis and only trafficked to the liver (Ad5), iliac lymph nodes (Ad35), and 

spleen, but no other distal organs, including remaining absent from the gonads. Over time, 

the number of animals with positive tissues and the copy numbers present in those positive 

tissues declined steadily, demonstrating clearance of the adenovectors.

Individual Study Results

Study A: Biodistribution of Ad5-vectored HIV Vaccine Candidate (Product #14)

Two groups were inoculated in this study. One group received 0.5 ml FFB (diluent) IM 

and the other group received 1011 PU Product #14 IM in 0.5 ml. All animals survived 

to scheduled sacrifice. There were no clinical signs of treatment-related toxicity during 

the study. There were no differences in body weights or weight changes compared to 

controls. Decreases in food consumption in the 24-48 hr following vaccination correlated 
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with findings in the repeated dose toxicology study (Study D) and achieved statistical 

significance in males. PCR results are shown in Figure 1 and Table 4.

Study B: Biodistribution of Ad5-vectored Ebola Vaccine Candidate (Product #18)

Two groups were inoculated in this study. One group received 0.5 ml FFB (diluent) IM and 

the other group received 0.89 × 1011 VP Product #18 IM in 0.5 ml. All animals survived 

to scheduled sacrifice. There were no clinical signs of treatment-related toxicity during the 

study. There were no differences in body weights or weight changes compared to controls. 

There were no findings on gross pathology. PCR results are shown in Figure 1 and Table 4.

Study C: Biodistribution of Ad35-vectored HIV Vaccine Prototype (Product #27)

Two groups were inoculated in this study. One group received 0.5 ml FFB (diluent) IM and 

the other group received 0.5 × 1011 VP Product #27 IM in 0.5 ml. All animals survived 

to scheduled sacrifice. There were no clinical signs of treatment-related toxicity during the 

study. There were no differences in body weights or weight changes compared to controls. 

PCR results are shown in Figure 1 and Table 4.

Repeated Dose Toxicology (Studies D, E, F, and G)

In the studies of Ad5 vectors, but not the Ad35 vector (Study G), body temperatures were 

elevated in the period immediately post-vaccination (Figure 2). Mild fevers were noted in 

another study of an Ad35 vector delivered at a higher dose (∼1012, reported in Cheng et 

al., 2007), but were not seen at the dose studied here (1011 PU). Additionally, mean food 

consumption was diminished in the period immediately post-vaccination after each Ad5 

inoculation and after repeated, but not initial, inoculations of Ad35 (Figure 3). Thus, while 

the primary toxicity noted was local (Draize scores and histopathology) and reversible, 

reversible systemic toxicity (fevers, food consumption, clinical pathology parameters) was 

also noted. However, no specific target organs (other than injection sites) were affected 

grossly or histopathologically demonstrating that the vaccine candidates tested were safe and 

suitable for investigational clinical use at doses up to 2 × 1011 PU/VP given intramuscularly.

In each repeated dose toxicology study, the clinical pathology parameters noted in Table 

5 appear to have been impacted by vaccination due to the occurrence of statistically 

significant differences in one or both genders, at one or more timepoints, and across 

studies. While all were statistically significantly different from concurrent gender-matched 

controls, some were also outside the historical reference range for the gender, species, and 

laboratory. While additional parameters were found to be statistically significantly different 

from concurrent controls, the following were considered in evaluating those additional 

differences: The means remained within the historical reference range, the magnitude or 

directions of the differences were not clinically meaningful, and/or there was a lack of 

correlation across genders, groups, timepoints, studies, and with other parameters (e.g., 

clinical symptoms, histopathology, other related clinical pathology parameters). Therefore 

such findings were deemed to be incidental and not treatment-related and are not reported 

herein.
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Parameters Unaffected by Adenovector Delivery

All animals survived to scheduled sacrifice except one control female in Study F (Marburg) 

that was found dead on SD60 with no prior clinical observations. No treatment-related 

findings were noted with regard to morbidity/clinical observations nor ophthalmology. 

The only treatment-related findings in regards to gross pathology were noted in Study D 

(HIV prime-boost and Ad5 alone) and are described below under Local Reactions. No 

treatment-related gross pathology was noted in Studies E (Ebola), F (Marburg), or G (Ad35). 

There was essentially no impact of delivery of adenovectors on Draize scores and the only 

significant findings were seen in relation to DNA plasmid priming in Studies D (HIV 

prime-boost) and F (Marburg), as described below under Local Reactions. There was no 

impact on body weights in Studies D (Ad5 HIV alone and prime-boost), E (Ebola), or F 

(Marburg), but some were noted in Study G (Ad35), as described below under Systemic 

Reactions.

Local Reactions (Draize Scores and Histopathology at the Injection Site)

In Study D (HIV Ad5 alone or prime-boost), local reactions were minimal in animals 

receiving adenovectors (alone or as a boost). Minimal erythema was seen at the injection 

sites in 2 treated males and 1 control female after the second adenovector injection when 

given alone. In contrast, in the prime-boost regimen, vaccination with the DNA prime 

resulted in Draize scores of minimal to moderate edema and erythema increasing in 

frequency and severity with repeated dosing. This was a result of the combination of 

injection with Biojector and the active vaccination, as these observations also occurred in the 

control animals but to a lower amount and lesser degree. These findings were consistent with 

studies with DNA vaccination alone (Sheets et al., 2006b).

Boost (adenovector delivered by needle and syringe) injections did not increase the 

frequency or severity (minimal erythema and/or edema in a few treated animals) of 

the Draize observations seen at earlier timepoints (after priming doses). Local reactions 

were evidenced however, in that clear treatment-related (adenovector alone and prime­

boost) observations were seen in gross and histopathology at the injection sites and in 

histopathological findings of inflammation in the perineural tissue of the sciatic nerve 

(near the injection site). These latter lesions consisted of chronic inflammatory cells 

(small macrophages and lympho-cytes) in the connective tissue around the sciatic nerve 

and in adjacent lymphatics and blood capillaries. This inflammation was the result of 

draining toward proximal lymph nodes from the distal injection sites. The injection site 

reactions were less in frequency and severity in the recovery sacrifice animals than in the 

immediate sacrifice animals for both the adenovector alone and the prime-boost regimens, 

demonstrating the reversibility of the injection site reactions. No other treatment-related 

findings were observed grossly or histopathologically.

In Study E (Ebola), local reactions were minimal to moderate as assessed solely by 

histopathology. No gross pathology or Draize score differences were noted. Both treated and 

control animals had inflammation at the sites of inoculation with greater frequency in treated 

animals. Inflammation was noted at the sites of injection, adjacent muscle, and around blood 

vessels and lymphatics surrounding the proximate sciatic nerves. By the recovery sacrifice, 
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inflammation was observed at a lower frequency and lesser intensity than at the immediate 

sacrifice, demonstrating reversibility.

In Study F (Marburg), minimal to moderate edema and minimal to mild erythema 

were noted in both control and treated animals with increased incidence and/or duration 

following several vaccinations in treated animals. Most reactions were associated with the 

DNA vaccinations delivered by Biojector. Only minimal edema and erythema were noted 

following adenovector delivery. By histopathology, at SD108, injection sites findings were 

observed more frequently in treated animals with mostly minimal to mild inflammation, 

though some moderate inflammation was noted at injection site #1 in two treated females. 

At SD120, only minimal inflammation was still noted at injection sites (more frequently in 

treated animals), demonstrating reversibility of the reactions. All histopathological findings 

outside the site of injection were considered incidental, as they occur frequently in this 

species and were seen in both control and treated animals.

In Study G (Ad35), minimal to moderate local reactions were noted by injection site 

histopathology at SD45, being slightly more severe and more frequent in treated animals 

versus controls. Reversibility was demonstrated in that at SD57 only a minority of animals 

had evidence of ongoing reactions, approximately equivalent between treated animals and 

controls. No other histopathological differences between groups were noted. There were no 

treatment-related Draize findings.

Systemic Reactions (Body Temperatures, Food Consumption, Body Weights and Changes)

Body Temperatures: In Study D (HIV Ad5 alone and prime-boost), systemic reactions to 

adenovector vaccination were noted in that mild fevers were seen in the 24 hr subsequent to 

the initial, but not second, adenovector vaccination (adenovector only arm). These reactions 

resolved by 48 hr. Likewise, fever was seen in treated males and females in the 24 hr 

subsequent to the initial, but only in the first 3 hr and in treated females after the second 

adenovector boost, in the prime-boost treated animals. These fevers resolved by 48 hr 

after the initial and 24 hr after the second (treated ♀ only) adenovector boost (Figure 2). 

Furthermore, systemic reactions to adenovector vaccination were noted in that mild fevers 

were seen by 24 hr following the first adenovector boost returning to normal by 48 hr. Fevers 

were not noted following the second adenovector boost, although the mean for the treated 

males was statistically significantly higher than controls at 3 hr post-dosing, remaining well 

within the normal temperature range for the species (Figure 2).

In Study E (Ebola), mild fevers were also seen, but after the first inoculation only. By 

3 hr post-inoculation on SD1, both mut-treated and WT-treated females were beginning 

to show significantly increased body temperatures compared to control females. At 

24 hr post-inoculation, all treated animals had elevated body temperatures, with group 

means approaching or slightly exceeding 40°C. These fevers were resolved by 48 hr post­

inoculation. While there were statistically significantly increased body temperatures noted at 

a few other times, they remained at or below 39°C, well within the normal body temperature 

for rabbits (Lee, 1939) and were considered incidental.
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Fevers were not observed following the second or third inoculations (Figure 2). In Study F 

(Marburg), mild fevers were seen by 24 hr following the first adenovector boost returning to 

normal by 48 hr. Fevers were not noted following the second adenovector boost, although 

the mean for the treated males was statistically significantly higher than controls at 3 hr 

post-dosing, remaining well within the normal temperature range for the species (Figure 

2). In Study G (Ad35), there was no treatment-related effect seen in regards to body 

temperatures at the dosage tested, in contrast to the consistent finding of mild fevers 

following Ad5 delivery. This is the clearest difference in reactogenicity between the two 

vector platforms.

Food consumption and body weights and changes: In Study D (HIV Ad5 alone and prime­

boost), systemic reactions were further noted in that food consumption was also less in 

treated animals in the 24 hr (adenovector alone and prime-boost) to 48 hr (prime-boost) 

following each adenovector vaccination, but resolved (Figure 3). These reversible decreases 

in food consumption did not result in differences in body weights or changes in males or 

females inoculated with adenovector alone or treated males in the prime-boost regimen. 

However, possible prime-boost treatment effects were seen with body weights and changes 

in treated females. Differences began to be noted as early as Study Day (SD) 36 (priming 

phase), but became statistically significantly different from control females on SD 71, 78, 

92, 99, and 108 for body weights and SD 85-92 for body weight changes in prime-boost 

treated females. Animals continued to gain weight throughout the study, but gained less 

weight than the controls. Whether this was a reflection of biological variability among 

animals or an actual treatment-related effect is unclear.

In Study E (Ebola), food consumption was also less in treated animals compared to controls 

(Figure 3). Statistically significant decreases (28–36% ↓) were seen in all treated groups 

(mut-treated males, mut-treated females, WT-treated males, WT-treated females) in the 

first 24 hr after the first inoculation (SD1-2). Because of fasting for blood draws on 

SD3, food consumption was not measured on SD2-3. However, there remained statistically 

significantly decreased food consumption (14–32% ↓) in the treated groups (although the 

decrease − 14% ↓ – for the mut-treated ♂ did not achieve statistical significance) on SD3-4. 

Furthermore, WT-treated females continued to have a statistically significantly decrease 

(13% ↓) in food consumption from SD4-5. In addition, one control male and one WT-treated 

female were supplemented from SD1-14 or 9-14, respectively, with fluids and food due to 

low food consumption.

After the second inoculation, all treated animals had statistically significant mean decreases 

(30–52% ↓) compared to controls on SD22-23. After this inoculation, the treated animals 

recovered normal (based on comparison to controls) food consumption by SD24-25 

(food consumption was not measured on SD23-24, due to fasting for blood draws on 

SD24). Finally, after the third inoculation, mut-treated males had a statistically significant 

decrease (22% ↓) on SD43-44. Other incidences of statistically significantly different food 

consumption were noted as follows: decreases of 12% on SD33-34 in mut-treated ♂, 14% 

and 22% on SD52-53 in mut-treated and WT-treated ♀, respectively, and 15% on SD55-56 in 

WT-treated ♀. The relationship to treatment of these additional incidences of decreased food 

consumption remotely in time to vaccination without consistent pattern between treatment 
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groups/genders is less clear and might be incidental (although they were all in the same 

direction, i.e., decreases). It should be noted, however, that the differences on SD52-53 and 

55-56 are based on 5 animals/group rather than 10 animals/group due to the sacrifice of half 

the animals at SD45. Individual animal variations could potentially have more impact on the 

means with the smaller group sizes.

There were no differences seen between treated and control animals in terms of body 

weights even though there were effects on body weight changes. Between SD1-8, all 

treated animals had decreased body weight changes compared to controls (24%–52% 

↓ for those achieving statistical significance), although this decrease did not achieve 

statistical significance in the mut-treated females (23% ↓). Furthermore, between SD22-29, 

mut-treated females were statistically significantly decreased in body weight change (29% 

↓). The decreased body weight changes were not weight losses, but only lesser body 

weight gains over the time periods and did not result in differences in mean body weights 

between groups. These decreases in body weight changes probably reflect the decreased 

food consumption occurring immediately post-inoculation, described above.

In Study F (Marburg), although there were some statistically significant differences in food 

consumption between treated and control animals during the DNA vaccination priming 

phase of the study, the magnitude of these differences was small and the occurrence random 

in time (i.e., not necessarily immediately following vaccination). In contrast, in the days 

following adenovector boosts, mean food consumption had clear marked treatment-related 

impacts as follows: treated ♂ following first adenovector boost − 87.7% ↓ on SD85-86, 

61.8% ↓ on SD86-7, 21% ↓ on SD87-8, 11% ↓ on SD88-9, and 18.6% ↑ on SD90-91, 12.3% 

↑ on SD99-100, 15.5% ↑ on SD102-3, and 13.1% ↑ on SD103-4; treated ♀ following first 

adenovector boost − 81.3% ↓ on SD85-6, 40.3% ↓ on SD86-7; treated ♂ following second 

adenovector boost - 44% ↓ on SD106-7, 17.6% ↓ on SD107-8 and 43.3% ↑ on SD112-3; 

treated ♂ following second adenovector boost − 36.3% ↓ on SD106-7. The marked impact 

on food consumption was most prolonged and severe following first adenovector boost 

taking 4 d for treated males to return to normal food consumption and 2-3 d for treated 

females (Figure 3).

Body weight changes were affected by treatment in males though not females, likely 

reflective of the effects on food consumption following treatment, described above. During 

the DNA priming phase, the only statistically significant differences noted in mean body 

weight changes were a decrease between SD29 and 36 in treated females and an increase 

between SD64 and 71 in treated males. These likely reflect biological variability rather than 

a treatment effect. In contrast, subsequent to the adenovector delivery, treated males had a 

statistically significant decrease in mean body weight changes between SD85 and 92 (weight 

loss of 32.70 g [± 44.44, SD] vs. weight gain of 23.80 g [± 27.22]) and a statistically 

significant increase in mean body weight changes between SD99 and 106 (57.40 g [± 45.96] 

vs. 9.30 g [± 35.21]). There were no statistically significant differences in female mean body 

weight changes during this timeframe (subsequent to adenovector vaccinations).

In StudyG (Ad35), mild systemic reactions were noted in that treated animals had 

slightly lower increases in body weights and concordant lower weight changes and food 
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consumption than controls. With regard to food consumption, transient decreases in both 

genders were noted in the 24 hr following the second adenovector delivery, in females in the 

24 hr following the third adenovector delivery, and in males in the 48 hr following the third 

adenovector delivery, suggesting increasing reactogenicity with repeated dosing (Figure 

3). This too was a clear distinction from the Ad5 vector, which demonstrated decreasing 

severity in this parameter with repeated dosing.

Clinical Pathology Parameters

In each of the repeated dose toxicology studies, there were many differences noted 

between control and treated groups in clinical chemistries and hematology parameters. Most 

differences were unclear in their relationship to treatment because they either remained 

within the normal historical control range for the species and laboratory even though they 

were statistically significantly different from matched control animals on study or, if they 

were outside the normal range and different from the control animals on study, they were not 

consistent between genders or across timepoints. Those clinical pathology parameters that 

were consistently different from controls between genders or across timepoints or studies are 

reported in Table 5. None of these findings appeared correlated with clinical observations or 

gross or histopathological findings. Thus, their clinical relevance is uncertain and presumed 

to demonstrate inflammation reflective of immune responses to vaccination.

Serum chemistries that appear to be impacted by treatment with adenovector vaccines 

include cholesterol and triglycerides in the period following initial inoculation, and globulin 

and A/G ratios following each inoculation. Serum globulin levels and the commensurate 

A/G ratios may reflect the intended immune response to vaccination and in fact, in each 

case, immunogenicity, as measured by ELISA, was demonstrated by study endpoint. While 

cholesterol and triglycerides were elevated following initial adenovector inoculations in 

most cases (see description of Study F below for exception), this may simply reflect 

inflammation in response to the recognition of expressed or delivered adenovector antigens. 

Other liver enzymes, such as ALT, AST, and alkaline phosphatase at the same timepoints 

were either not statistically significantly different from concurrent gender-matched controls 

or the differences were of a direction that did not indicate liver toxicity (e.g., the treated 

animals had lower values than the controls). Furthermore, these parameters were only 

sporadically different from controls and did not provide any consistent pattern.

In contrast to studies D (Ad5 HIV-1) and E (Ebola) in which cholesterol and triglycerides 

were elevated after the first adenovector dose, in study F (Marburg), these parameters 

were unaffected by adenovector boosting. However, triglycerides (but not cholesterol) were 

elevated at SD4 and SD30 (post DNA dosing) only in treated males. At the same time 

(SD4), other liver function tests were unaffected. At SD30, however, males had elevated 

AST compared to concurrent controls, remaining within the lower half of the normal 

range. At SD90, post adenovector dosing, treated males had elevated mean ALT, but treated 

females had lower mean AST and at SD120, post-second adenovector dosing, treated males 

had an elevated mean AST. Given the inconsistency of these results and the lack of liver 

histopathology noted that was not also seen in the controls, there did not appear to be liver 

toxicity.
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Hematology parameters that appear to be impacted by adenovector delivery include 

hemoglobin, hematocrit, platelets, and mean platelet volume (MPV). It is not surprising 

that hemoglobin and hematocrits may decrease over time on study given that the animals 

are having frequent blood-draws. However, there does appear to be a consistent pattern in 

comparison to concurrent gender-matched controls in animals that receive adenovectors and 

these effects are seen at multiple timepoints across any particular study. While the mean 

values do sometimes fall outside the historical reference range, the magnitude of differences 

between the lower bound of the reference range and the mean values observed are small and 

likely not clinically significant.

Regarding coagulation parameters, all appear to be impacted by intramuscular adenovector 

delivery, as follows: Prothrombin time was frequently shortened at various time-points 

post-vaccination. There is no clinical relevance to shortened times. Activated Partial 

Thromboplastin time (APTT) was frequently prolonged, and many times outside the 

historical reference range. Fibrinogen was also frequently elevated and sometimes outside 

the historical reference range. These effects appeared to be reversible, as they were not 

generally observed by the recovery sacrifice timepoint (see Table 5). These effects were 

interpreted to be a reflection of acute inflammation due to the immune response to 

vaccination and inflammation associated with intramuscular delivery.

Immunogenicity

In Study D (Ad5 HIV only and prime-boost), immunogenicity results demonstrated that all 

vaccinated animals seroconverted to the HIV-1 EnvA, EnvB, EnvC, and gag antigens, both 

in the adenovector alone and the prime-boost arms. Endpoint titers were not determined, 

but all vaccinated animals were seropositive at the 1:1000 dilution. No placebo-recipients 

sero-converted. These results demonstrate that active doses of vaccine were delivered to 

the test animals and responses were made to all the plasmid- and adenovector-expressed 

components of the vaccines.

In Study E (Ebola), immunogenicity results demonstrated that all vaccinated animals 

seroconverted to both Ebola antigens in each vaccine. Endpoint titers were not determined, 

but all vaccinated animals were seropositive at the 1:10,000 dilution. No placebo-recipients 

seroconverted. These results demonstrate that active doses of vaccine were delivered to 

the test animals and that they responded to both adenovector-expressed components of the 

vaccines.

In Study F (Marburg), immunogenicity results provided evidence that active doses were 

delivered to the treated animals, and not the placebo-recipient animals in this study. All 

treated animals seroconverted to the Marburg glycoprotein with titers exceeding 1:10,000 

after prime-boost vaccinations. All placebo-recipients remained seronegative.

In Study G (Ad35), immunogenicity results demonstrated that all vaccinated animals 

seroconverted to the EnvA antigen. Endpoint titers were not determined, but testing was 

performed on sera at dilutions of 1:100, 1:1000, and 1:10,000. All vaccinated animals 

remained seropositive at the 1:10,000 dilution. No placebo-recipients seroconverted. These 

results demonstrate that active doses of vaccine were delivered to the test animals.
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Compliance

In Study D (Ad5 HIV only and prime-boost), all aspects of the study were conducted 

according to GLP except the immunogenicity analyses. Deviations reported would not 

have impacted the integrity of the study nor the conclusions drawn. However, on SD43 

and SD64, all of the prime-boost control animals received their DNA plasmid placebo 

inoculation by needle and syringe rather than Biojector, as specified. While this makes 

comparisons between the controls and treated animals of the injection site Draize findings at 

timepoints immediately subsequent to these inoculations less relevant, it does not invalidate 

the findings in the treated animals relevant to the safety of the vaccine by the intended 

delivery device. In Study E (Ebola), all aspects were conducted according to GLP, except 

the immunogenicity analyses and that the Certificate of Analysis (COA) and stability were 

performed per Good Research Practices. Deviations reported would not have impacted 

the integrity of the study nor the conclusions drawn. In Study F (Marburg), all aspects 

were conducted according to GLP, except that the COA and stability analyses met Good 

Manufacturing Practices (GMP) standards and the immunogenicity analyses were performed 

in a laboratory following GLP, but by a non-validated method that was comparable to other 

validated methods also performed in the laboratory. Deviations reported would not have 

impacted the integrity of the study nor the conclusions drawn. In Study G (Ad35), all aspects 

were conducted according to GLP, except that the immunogenicity analyses were performed 

in a research setting. Deviations reported should not have impacted the integrity of the study 

nor the conclusions drawn.

Discussion and Conclusions

Adenovectors based on serotype 5 (subgroup C) or 35 (subgroup B), despite differences in 

the expressed trans-gene inserts or manufacturer's construct, have a similar and consistent 

pattern of biodistribution and clearance when doses of up to 1011 particle units or viral 

particles (PU/VP) are delivered intramuscularly by needle-and-syringe (the difference in 

units in which the doses are described are due to differences in assay methodology of 

the manufacturers). The adenovectors remain largely at the site of injection and do not 

extensively traffic outside that site. Ad5 vectors biodistributed only to the spleen and liver, 

whereas an Ad35 vector biodistributed to the spleen and iliac lymph nodes. It should be 

noted that the cellular receptors utilized by these viruses differ, in that Ad5 predominately 

binds CAR (coxsackie and adenovirus receptor) whereas Ad35 binds CD46 (membrane 

cofactor protein). However, when given intramuscularly, the vectors do not biodistribute 

widely, e.g., they do not traffic to the gonads. Furthermore, they were seen to clear from 

the sites to which they do biodistribute over the course of our 3-month studies, with fewer 

animals with positive tissues, fewer positive tissues in positive animals, and only very low 

copy numbers (range, 63-1474) remaining in the few tissues that remained positive at study 

endpoints despite an initial delivery of up to 1011 PU/VP.

While the appropriate analyses have not been performed yet to determine this, rather than 

the adenovectors actually distributing to other tissues directly, it seems likely that the 

adenovectors when delivered into the muscle may have transduced antigen-presenting cells 

(APC) resident there. These APC have likely trafficked to the lymphoid organs and the 
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highly perfused liver. So, we hypothesize that in fact, the adenovectors have not themselves 

biodistrib-uted throughout the body, but have transduced cells at the injection site, which 

then traffic to specific organs. This hypothesis is consistent with recent findings that a chimp 

adenovirus vector was found predominately in CD8+ T-cells in the spleen some time after 

inoculation (Tatsis et al., 2007). Nevertheless, these biodistribution studies suggested that 

potential target organs for toxicity might be the spleen, liver, and/or lymph nodes as well as 

the sites of injection.

Gross or histopathology that differed between controls and treated animals was not found 

in these organs in the repeated dose toxicology studies except at the sites of injection. 

Nonetheless, some clinical pathology parameters related to liver function appear to have 

been impacted by adenovector delivery. Because these parameters were impacted both by 

delivery of Ad5, which trafficked to the liver, and Ad35, which did not, it would appear 

that the liver function-related clinical pathology parameters were not a direct toxic effect 

of adenovector delivery, but more likely represent a secondary effect of inflammation and 

immune response to the adenovectors and/or the expressed gene inserts.

Further, repeated dose toxicology studies of up to 2 × 1011 PU/VP demonstrated similar and 

consistent patterns of toxicity for adenovectors based on Ad5 or Ad35, despite differences 

in the expressed trans-gene inserts or manufacturer's construct and whether they were 

given as a boost to a DNA plasmid vaccine prime or alone. The adenovectors for which 

results are reported herein came from two different manufacturers and contain differing 

adenovirus gene deletions (deleted in E1; E1 and E3; or E1, partial E3, and E4), representing 

differing constructs. Additionally, the vectors were manufactured by growth on different cell 

substrates and purified following different production methods. Furthermore, the expressed 

trans-gene inserts were from different viruses, including the HIV-1 envelope glycoprotein, 

gag, and polymerase genes (the first being from differing clades of HIV-1); the Ebola 

glycoprotein, containing either a point mutation which abrogates cellular toxicity noted 

in vitro (Sullivan et al., 2005) or as a WT construct; and the Marburg glycoprotein. 

Nevertheless, the toxicology profiles were consistent despite differences in the expressed 

trans-gene inserts or the manufacturers' constructions and production methods. These 

patterns can allow prediction of expected clinical reactogenicity for similar viral vaccine 

products based on Ad5 or Ad35.

The identified toxicity profile of these adenovector vaccines given intramuscularly alone 

or as a boost to a DNA plasmid vaccine prime is of limited and reversible local (Draize 

scores, histopathology at the sites of inoculation) and systemic reactogenicity (fevers and 

decreased food consumption in the period immediately following vaccination). Furthermore, 

certain clinical pathology parameters are impacted suggesting inflammation in relationship 

to vaccination.

It should be noted that most effects were seen consistently between genders. While there 

were some apparent gender differences in clinical pathology parameters, most of these 

“differences” (between genders) were not consistent across studies or timepoints, suggesting 

incidental, rather than real gender-related differences. It must be kept in mind, when 

analyzing apparent differences, that despite the number of parameters compared and the 
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multiplicity of timepoints, adjustments for multiplicity are not performed on statistical 

analyses as the most stringent means to identify potential safety signals. Importantly, 

treatment-related differences in parameters that were seen consistently across timepoints 

or studies were noted in both genders at one timepoint or another, if not at each timepoint.

Our data suggest that Ad35 may be slightly less reactogenic systemically, at similar doses, 

than Ad5, as the febrile reactions seen in the Ad5 vector studies reported herein were not 

seen with Ad35 until doses of 1012 VP were given (Cheng et al., 2007, unpublished results). 

Furthermore, impacts on food consumption, another marker of systemic reactogenicity, were 

not seen following the initial injection of Ad35, but only after repeated dosing, whereas 

with Ad5 vectors, this impact was noted following even the initial inoculations and was 

perhaps more marked after those initial inoculations. However, consistent patterns of toxicity 

were seen in clinical pathology parameters, another marker of systemic reactogenicity, and 

injection site (local) reactogenicity.

Given that Ad5 and Ad35 enter cells through differing cellular receptors, one might have 

predicted that the target organs or cells and therefore, the toxicity profiles would differ. In 

fact, we have found that the toxicity profiles are quite similar and consistent, although Ad35 

may be slightly less reactogenic systemically at the doses tested. This is consistent with our 

recent report in which we demonstrated that even when the fiber shaft of Ad5 vectors are 

modified to eliminate binding to the primary CAR or the secondary integrin RGD receptor 

or are switched with the fiber shaft of Ad35 (which utilizes CD46 as a receptor), they retain 

their ability to transfect, through a heparin-sensitive receptor, several dendritic cell and 

mononuclear cell subtypes, and they retain their pyrogenicity (Cheng et al., 2007), inducing 

both adaptive immunity and toxicity (pyrogenicity).

Given that the liver was identified in the biodistribution study as a potential target organ for 

toxicity, it should be noted that there was no evidence of treatment-related liver pathology, 

either grossly or histopathologically. Thus, we conclude that liver toxicity is not occurring 

when adenovectors are delivered intramuscularly at doses up to 2 × 1011 PU/VP and that the 

elevated cholesterol and triglycerides are simply a reflection of an inflammatory response 

to vaccination. Importantly, despite reports of liver toxicity when similar or higher doses of 

adenovectors have been delivered by routes other than the intramuscular route studied here 

(Harvey et al., 2002; Raper et al., 2002), we have not noted any particular or consistent 

impact of vaccination on the liver – either in liver function tests, such as ALT, AST, or 

alkaline phosphatase, or by gross or histopathology (as discussed above).

We were particularly concerned about whether there might be an impact on hematology 

parameters given that some of the expressed antigens (Ebola and Marburg glycoproteins) 

are from viruses that cause hemorrhagic diseases. However, the effects were also seen with 

the Ebola glycoproteins into which point mutations have been introduced that abrogate 

cellular cytotoxicity observed in vitro and with the HIV-1 antigens (envelopes from Clades 

A, B, C, Clade B gag, Clade B pol). Thus, we conclude that like the other affected 

parameters, these effects on hemoglobin and hematocrit are related to adenovector delivery 

and not to the expressed trans-gene antigens. Furthermore, with regards to platelets and 

MPV, although in Studies D (Ad5 HIV alone and prime-boost) and E (Ebola), extremely 
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mild thrombocytopenia was noted after the initial adenovector inoculation, and in Study E 

(Ebola), these mean values fell slightly outside the historical reference range, the severity 

was so slight that it is not likely to be clinically meaningful.

While it was a consistent finding that adenovector delivery intramuscularly resulted in 

shortened prothrombin times, shortened times are not clinically meaningful and we conclude 

that these results do not reflect any coagulation abnormalities. Of particular note is the 

consistent observation of prolonged activated partial thromboplastin time (APTT). This 

has also been observed clinically in association with adenovirus infection or adenovector 

delivery (Beck et al., 1979; Jaeger et al., 1993; Malaeb et al., 2005; unpublished data). 

In most of those cases, rather than an in vivo coagulation abnormality, it was found 

that the in vitro assay was impacted by the development of a “lupus anti-coagulant” 

or anti-phospholipid antibodies in the infected or inoculated individuals. Whether this is 

also happening in the case of the rabbits and the rabbit APTT assay is uncertain, but 

it is possible that the prolonged APTT represents a clinically benign effect of transient 

inflammation-induced anti-phospholipid antibody in the in vitro assay. While, adenovectors 

delivered intravascularly may bind to various coagulation factors (Parker et al., 2006), 

there was no clinical evidence of coagulation abnormalities in our studies. Therefore, we 

suggest that the adenovector delivery intramuscularly is not inducing clinically-relevant 

coagulation abnormalities, but that the APTT assay is indirectly detecting a transient rise in 

anti-phospholipid antibodies that are a byproduct of the vaccine-induced inflammation and 

immune responses. Further, the elevated fibrinogen values that are likely a reflection of a 

vaccine-induced inflammatory response support this interpretation.

We believe that our data suggest that whether the adenovectors are given alone or in a DNA 

prime-adenovector boost regimen, the toxicity profiles are consistent and similar, suggesting 

that prior priming with a DNA vaccine neither abrogates nor enhances significantly the 

adenovector-associated toxicity. Since we conclude that the toxicity is primarily related 

to the adenovectors rather than the expressed trans-genes that would be shared by the 

prime and boost, this is understandable. Further, the toxicity that is noted is essentially 

mild and reversible. These data suggest that toxicology studies of the individual vectors 

alone should be adequate to predict expected patterns of toxicity to support future uses of 

the same or related products in prime-boost clinical protocols without the need to delay 

clinical development to undertake additional toxicology studies. This can accelerate clinical 

development by as much as 8 months, depending on the number of primes and boosts that 

would be given.

Taken together, these data suggest that the biodistribution and toxicology profiles of 

adenovector vaccines are determined largely by the platform (Ad5 or Ad35) and not the 

expressed gene-insert (genes from HIV-1, Ebola, or Marburg), the manufacturer's construct 

(vectors deleted in E1, E1 & E3, or E1, partial E3, and E4 manufactured by either Crucell or 

GenVec), or whether they are given alone or as a boost to an DNA plasmid vaccine prime. 

These data demonstrate that Ad5 and Ad35 vectors delivered intramuscularly as vaccine 

expression systems at doses up to 2×1011 PU/VP are safe and suitable for human clinical 

trials in healthy volunteers. In fact, the results of some of these studies have already been 
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submitted to FDA and other regulatory authorities around the globe to support conduct of 

Phase 1 and Phase 2 clinical trials.

Clinical data from ongoing or completed vaccine trials of these Ad5-based candidates 

validate that systemic toxicity seen in rabbits is mimicked in humans (fevers, malaise, 

myalgia, chills) given the same doses and that lower doses reduce the frequency and/or 

severity of such systemic reactions in humans (Catanzaro et al., 2006, unpublished data). At 

present, there are insufficient clinical data with Ad35 vectors to validate the rabbit model; 

however, these data are emerging and these preliminary data are so far consistent with the 

preclinical findings and we take the similarities between Ad5 and Ad35 vectors in the rabbit 

to suggest the rabbit model is also valid for Ad35, despite the fact that it uses a different 

cellular receptor.

Three of the goals that FDA expects preclinical toxicology studies to accomplish include 

the following: (1) to recommend an initial safe starting dose and dose regimen in human 

subjects; (2) to identify potential target organs for toxicity related to the product; and, (3) 

to help determine an acceptable risk/benefit ratio for human subjects. We feel that these 

goals have been accomplished for adenovector types 5 and 35 vaccines to be delivered 

intramuscularly at doses up to 2 × 1011 VP/PU with the studies reported herein. This 

body of data can progress clinical development of future candidates with significant savings 

in time and resources if repetition of studies, including additional studies of prime-boost 

regimens, can be avoided and safety of new candidates can be supported by studies already 

performed with candidates based on similar platforms. Such accelerated development of 

vaccine candidates is crucial given the enormous public health burden of HIV/AIDS, the 

ever-present threat of bioterrorism with agents such as Ebola or Marburg viruses, and 

the urgency to address emerging infections such as Sudden Acute Respiratory Syndrome 

(SARS), West Nile Virus, and pandemic influenza.
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FIG. 1. 
Biodistribution results. Box and whisker plots showing the copy numbers present in various 

tissues at SD9 and SD91/93 for control and treated animals in Studies A, B, and C. p-values 

are reported for comparisons between first and last time points in the treated groups, 

demonstrating clearance of vector from these tissues over the time course of the studies.
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FIG. 2. 
Body temperatures in immediate post-vaccinal periods in Studies D, E, F, and G. Mean body 

temperatures are compared to gender-matched controls. Differences which were significant 

at the p ≤ 0.05 level are noted with an asterisk. Adjustments were not made to account for 

multiplicity, to more stringently detect potential safety signals. The groups compared are 

indicated by the lines over the bars. Error bars reflect the standard deviations. Time points 

marked with were taken 3 hr post-inoculation (hpi) on that study day.
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FIG. 3. 
Food consumption in the immediate post-vaccinal periods in Studies D, E, F, and G. 

Mean food consumption was compared to gender-matched controls. Differences that were 

significant at the p <0.05 level are noted with an asterisk. Adjustments were not made 

to account for multiplicity, to more stringently detect potential safety signals. The groups 

compared are indicated by the lines over the bars. Error bars reflect the standard deviations. 

This parameter was not measured on study days when animals were fasted for blood draws.
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TABLE 3

Recombinant Antigens Used in Immunogenicity Assessments (ELISA).

Antigen Source

HIV ENV A VRC Plasmid 5304

HIV ENV B VRC Plasmid 2801

HIV ENV C VRC Plasmid 5308

HIV GAG ImmunoDiagnostics, Inc. Woburn, MA

Marburg-GP-Angola VRC Plasmid 6715

Ebola GP-Sudan/Gulu VRC Plasmid 6204

Ebola GP-Zaire VRC Plasmid 6605
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