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Adenovirus BackgroundAdenovirus Background
• A ubiquitous, nonenveloped, double-stranded DNA virus 

that causes disease in man
– Acute respiratory disease (ARD)

• Unique military problem
– Eye
– Genitourinary
– Gastrointestinal

• Divided into several (51) serotypes
– Types 4 and 7 account for majority of all acute 

respiratory diseases in military basic recruits
– Occasionally types 3, 14 and 21 



AdenovirusAdenovirus

Büchen-Osmond, C  ICTV dB Descriptions, p2



The DiseaseThe Disease

• Acute Respiratory Disease (ARD)
– Fever (≥100.5ºF) plus one or more of the 

following: sore throat, cough, stuffy nose, 
runny nose

– In severe cases, Pneumonia
– Death 

• Six DoD recruit deaths in last five years associated 
with Adenovirus (two were Army recruits)



ThreatThreat

Nature of the threat: 
• Debilitating illness in DoD recruits

– Rarely seen in civilian populations
• Rapid spread from soldier to soldier

– Aerosol route
• Most infections inapparent

– Nearly all susceptibles infected
• No antiviral treatment available
• No vaccine currently available



Impact Impact 

Impact on Soldiers:
• Acute Respiratory Disease is pervasive in IET 

(especially in BCT/OSUT)
– Longstanding problem
– Most important cause of ARD is Adenovirus

• Others: Flu A, Flu B, M. pneumoniae, C. pneumoniae

– Of those IET Soldiers hospitalized for severe ARD
• 60% to 90% result from Adenovirus

• 25% to 40% of ALL trainees will get Adenovirus-
associated ARD



Hilleman, MR Ann. NY Acad Sci, 67, 267, 1957 



Impact (contImpact (cont’’d)d)

Impact on Training:
• Training time lost
• Training effectiveness reduced
• Training mission adversely affected  

– Hospitalizations 
• Increased stress on medical resources

– Re-training (recycle)
• Training costs increased due to recycles



Disease CoDisease Co--FactorsFactors

BCT environment
• High stress and reduced sleep

– Immune system less effective
• Open Bay Barracks 

– Facilitates spread of disease
– The lower the square footage per Soldier, the 

higher the incidence of ARD
– Sleeping arrangement

• Head-to-Head vs. Head-to-Toe



CountermeasureCountermeasure

• Two pills (against types 4 and 7)
– Developed by NIH and DoD in 1960s
– Licensed 1980

• Used in recruits year-round (1971-1996)
– Eliminated ARD epidemics due to 

adenovirus
• About 27,000 DoD trainee hospitalizations 

were prevented in the first year alone



Loss of VaccineLoss of Vaccine

Loss of Adenovirus Vaccine: 
• Manufacturer ceased production in 1996
Impact:
• Disease levels returned to pre-vaccine era

– Approximately 45,000 cases annually
– Vaccine could prevent 90% of these ARD 

illnesses



Courtesy of CDR Kevin Russell, Naval Health Research Center
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Current Adenovirus Current Adenovirus 
Epidemiology Epidemiology 

Data from NHRC



Solving the ProblemSolving the Problem

• OSD-HA tasked MRMC to acquire a new 
vaccine against  adenovirus

• Contract awarded to Barr Labs in 2001

• Barr produced new vaccine tablets and 
provided them to MRMC for testing in 
2004



New VaccineNew Vaccine

First Vaccine Tablets
Against Type-4 were 
Produced 31 Jan 2004 

Photo Courtesy Dr. A. Towle
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Vaccine Development



Objectives
Primary:

1. Evaluation of the safety of the Barr type 4 and type 7 
oral adenovirus vaccines administered together.

Secondary:

1. Adenovirus types 4 and 7 neutralizing antibody 
production and titer in seronegative subjects

2. Duration of vaccine virus shedding in the stool and 
throat secretions in vaccine recipients.



RationaleRationale

• Military subjects to simulate BCT 
– Demographics
– Confinement

• Minimize potential secondary spread of vaccine 
virus

• Low likelihood of active Adv 4 or 7 circulation
• Relative ease in recruitment

– Large numbers available for screening



Trial SummaryTrial Summary

• Briefed three 91W Companies
• Consented 407 for Eligibility Screening
• Vaccinated 58 Volunteers on 26 Sep 04
• Followed Closely for 56 Days

– Adverse Event Checks (diary cards, follow up)
– Blood, Throat, Stool Specimens, Urine 

pregnancy
– ARD surveillance (TMC, BAMC ER)



Study DesignStudy Design

-28 to  Day 0     Wk1     Wk 2      Wk 3      Wk 4      Wk 5     Wk 6      Wk 7      Wk 8 Day 180

Screen  Vaccinate     Visit      Visit Visit Visit Final visit            Phone/
Letter

Diary

Serology:  Screen, Day 0, Wks 1,2,4,8
Throat: Day 0, Wks 1,2,3,4,8
Stool or rectal swab: Day 0, Wks 1,2,3,4,8
Viremia: Day 0, Wks 1,2,4,8
All febrile ARD worked up 



Inclusion/ExclusionInclusion/Exclusion

• Healthy 18-40 yo
• Informed Consent
• If female, not be pregnant or nursing
• Seronegative to at least one serotype (4 or 7)
• No prior enlisted military service before 1998
• No history of major medical illnesses
• No acute illness or abnormal physical exam
• No HIV, active Hep B, C
• No other vaccinations within 30 days prior to Day 0



Subject populationSubject population

407 91W screened
Adv 4 (+)  Adv 7 (+) 68%
Adv 4 (-)   Adv 7 (+) 14%
Adv 4 (+)  Adv 7 (-) 14%
Adv 4 (-)   Adv 7 (-) 4%

Adv 4 seropositive 82%
Adv 7 seropositive 82%



Subject populationSubject population
• 58 (14%) seronegative volunteers 

enrolled 
– 30 received vaccine 
– 28 received placebo

• 54 (93%) volunteers completed 
study 

- 4 (7%) dropped out (not vaccine 
related)



Change of Antibody Status During Change of Antibody Status During 
Screening PeriodScreening Period

585828283030Total
272714141313ADV7(+)

313114141717ADV7(-)
585828283030Total
372518121913ADV4(+)

213310161117ADV4(-)

Day 0ScreeningDay 0ScreeningDay 0ScreeningAntibody

TotalPlaceboVaccine



Results (AE)Results (AE)

• Most common adverse events reported (>10%)
– Nasal congestion
– Cough
– Arthralgias
– Nausea
– Abdominal Pain
– Sore Throat
– Headache

• None differed significantly from placebo



Safety: SAESafety: SAE
Day 0-56
• 2 pneumonia hospitalizations (one vaccine,  

one placebo)
• 1 ARD hospitalization (placebo)

Day 180 
• 1 hospitalization for “appendicitis” (vaccine)
• 1 hospitalization for MRSA thigh abscess 

(placebo)



Other Safety ParametersOther Safety Parameters

• Lab (CBC, LFT, Cr)
– No abnormalities felt to be due to vaccine

• Vital Signs
– No abnormalities felt to be due to vaccine

• Viremia
– No viremia

• Vaccine Virus in Throat Swabs
– No vaccine virus detected in vaccine 

recipients



ImmunogenicityImmunogenicity at Day 28at Day 28

(-,-)0.0130(35.4, 
84.8)

62.51610Type 
7

(7.5, 
70.1)

33.393(39.0, 
94.0)

72.7118Type 
4

95% 
CI***

%N**Conv
erted*

95% 
CI***

%N**Conv
erted*

PlaceboVaccine

* Conversion is defined as at least a 4-fold increase in Ab titer in a previously 
seronegative (<1:4) subject to a titer ≥ 1:8
** Total # of subjects who were type 4 or 7 seronegative at Day 0 and whose 
D28 data not missing
***Exact binomial method



Cumulative TypeCumulative Type--4 4 
SeroconversionSeroconversion

30.0381.89Day 56
30.0372.78Day 28
20.0254.56Day 14
0.000.00Day 7
%Converted%Converted

Placebo (N=10)*Vaccine (N=11)*

*N=Total number of subjects type-4 seronegative at Day 0



Cumulative TypeCumulative Type--7 7 
SeroconversionSeroconversion

0.0070.612Day 56
0.0064.711Day 28
0.0058.810Day 14
0.000.00Day 7
%Converted%Converted

Placebo (N=14)*Vaccine (N=17)*

*N=Total number of subjects type-7 seronegative at Day 0



Cumulative TypeCumulative Type--4 4 
Booster EffectBooster Effect

0.0021.14Day 56
0.0021.14Day 28
0.0021.14Day 14
0.005.31Day 7
%Boosted**%Boosted**

Placebo (N=18)*Vaccine (N=19)*

*N=Total number of subjects type-4 seropositive at Day 0
**Booster Effect was defined as at least a 4-fold increase in Ab titer in a previously 
seropositive (titer ≥ 1:4) subject  



Cumulative TypeCumulative Type--7 7 
Booster EffectBooster Effect

7.1169.29Day 56
7.1161.58Day 28
0.0046.26Day 14
0.007.71Day 7
%Boosted%Boosted

Placebo (N=14)*Vaccine (N=13)*

*N=Total number of subjects type-7 seropositive at Day 0
**Booster Effect was defined as at least a 4-fold increase in Ab titer in a previously 
seropositive (titer ≥ 1:4) subject



Viral SheddingViral Shedding

• Type 4
– Ab (-): 8/11, (Day 21)
– Ab (+): 0/19
– Placebo: (Ab-): 2/10; (Ab+): 0/18

• Type 7
– Ab (-): 12/17, (Day 14)
– Ab (+): 6/13, (Day 14)
– Placebo: (Ab-): 0/14; (Ab+): 0/14



Correlation Between Viral Shedding Correlation Between Viral Shedding 
and and ImmunogenicityImmunogenicity in the Vaccine Groupin the Vaccine Group

9 boosted6 positive13Type 7 (+)
12 converted12 positive17Type 7 (-)

4 boosted0 positive19Type 4 (+)

9 converted8+1 positive11Type 4 (-)

ImmunogenicityFecal Viral 
Shedding

# VaccinatedDay 0 Ab



ARDARD

• SAE: Pneumonia x 3
– 2 (placebo) with wt ADV-4 in throat swab
– 1 (vaccine) with negative throat swab

• Follow up
– 1 (placebo) with sore throat, cough

• wt ADV-4 in throat swab 



Phase 1 Study SummaryPhase 1 Study Summary

• Adenovirus 4 and 7 vaccines 
– Performed as expected
– No vaccine virus present in blood, throat
– No training days lost

• Vaccine viral shedding limited to 21-28 days 
– All who shed vaccine virus seroconverted

• Immunogenicity estimated at 40-90%
• Evidence of wt Adv 4 circulation during study



38

Clinical Development PlanClinical Development Plan

• Next clinical trial currently underway
– Phase 3 Safety, Immunogenicity, Manufacture 

consistency
– Started 30 Sept 2006
– Ft. Jackson, SC (USA) and Great Lakes, Ill 

(USN)
– 4000 volunteers
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AdenovirusAdenovirus

Fauquet, CM et al, eds. Virus Taxonomy, p. 213



Adenovirus Vaccine Adenovirus Vaccine 

Outer Core Inert Material Inner Virus Core

Polymer Coating



Pre-Phase 1 Seroprevalence Study

Objective:
Serotype 4 and type 7 seroprevalence among 91W’s

Results:
99  91W blood donors tested

Adv 4 (+)  Adv 7 (+) 69%
Adv 4 (-)   Adv 7 (+) 9%
Adv 4 (+)  Adv 7 (-) 20%
Adv 4 (-)   Adv 7 (-) 2%

Adv 4 seropositive 89%
Adv 7 seroposivive 78%



Adenovirus 4 and 7 Adenovirus 4 and 7 SeroprevalenceSeroprevalence

*Ludwig, et al JID 1998;178:1776-8

82%82%407
Post-BT

2004

27%34%303
Pre-induction*

1998

Adv 7(+)Adv 4(+)No. 
Subjects



Results: Safety (AE)Results: Safety (AE)

2 (  7.1%)

1 (  3.6%)

2 (  7.1%)

3 (10.7%)

3 (10.7%)

3 (10.7%)

6 (21.4%)

0 (  0.0%)

6 (21.4%)

6 (21.4%)

8 (28.6%)  

10 (35.7%)

16 (57.1%)

Placebo (N=28)

4 (13.3%)Nausea

1 (  3.3%)Rhinorrhea

1 (  3.3%)Wheezing

1 (  3.3%)Pneumonia

3 (10.0%)Sinusitis

5 (16.7%)Abdominal pain

4 (13.3%)Diarrhea

4 (13.3%)Arthralgia

2 (  6.7%)Fever

6 (20.0%)Headache

8 (26.7%)Sore throat

10 (33.3%)Cough

10 (33.3%)Nasal Congestion

Vaccine (N=30)Adverse Events



Viral SheddingViral Shedding
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