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1. Study Summary 

Objectives 
The primary objectives of this study are: 

1. To establish whether a prime boost strategy using seasonal LAIV and IIV can augment 
cross-reactivity with H5N1 and human influenza strains. 

2. To detect the presence of antibodies that can inhibit infection with H5N1 and human 
influenza strains in microneutralization, plaque reduction and H5 pseudotyped lentiviral 
particle-based assays after vaccination with seasonal LAIV and IIV. 

3. To establish the breadth of antibody responses to H5N1 strains and human influenza strains 
using ELISA, microneutralization, plaque reduction, H5 pseudotyped lentiviral assays, 
neuraminidase inhibition assay, and hemagglutination inhibition after vaccination with 
seasonal LAIV and IIV. 

4. To observe T-cell responses following vaccination with seasonal LAIV and IIV. 
5. To attempt to generate human monoclonal antibodies that are cross-reactive to enzyme 

neuraminidase and hemagglutinin of H5N1 and pandemic H1N1 2009 in order to 
investigate further the human response to influenza vaccination 

 
Secondary objectives are to describe the adverse event profile of 2 doses of influenza vaccine 
given approximately 8 weeks apart in healthy adult volunteers. 

 
Subject Population 
Subjects will be healthy adult U.S. citizens residing in Bangkok. FluMist® vaccine is not yet 
licensed for use in Thailand; hence Thai subjects will not be recruited into this study. 
 

Study Site 
The in vivo phase of the study will take place at the U.S. Embassy Medical Unit, Bangkok, 
Thailand. In selected cases individuals may elect to have scheduled follow-up visits (which do not 
involve vaccination) performed at AFRIMS. Immunology testing will be done at the Department 
of Immunology and Medicine, AFRIMS and the Faculty of Medicine, Siriraj Hospital, Bangkok. 
 

Number of Subjects 
Up to 34 subjects will be recruited: 26 subjects for randomization and a further 8 to act as 
replacements in case of drop-outs. 
 

Vaccines Administered 
Subjects will be randomized to receive one of the following 4 regimens. For each regimen the two 
doses of vaccine will be separated by 8 weeks (+7 days). 

 
Arm 1: FluMist® live, intranasal vaccine 0.2mL (0.1mL per nostril): 2 doses separated by 

8 weeks (+7 days); n=5 subjects. Autologous prime boost regimen 1. 
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Arm 2: Fluzone® inactivated influenza virus vaccine 0.5mL intramuscularly: 2 doses 

separated by 8 weeks (+7 days); n=5 subjects. Autologous prime boost regimen 2. 
 
Arm 3: FluMist® live, intranasal vaccine 0.2mL (0.1mL per nostril) single dose, followed 

by Fluzone® inactivated influenza virus vaccine 0.5mL intramuscularly 8 weeks 
(+7 days) later; n=8 subjects. Heterologous prime boost regimen 1 

 
Arm 4: Fluzone® inactivated influenza virus vaccine 0.5mL intramuscularly single dose, 

followed by FluMist® live, intranasal vaccine  0.2mL (0.1mL per nostril) 8 weeks 
(+7 days) later; n=8 subjects. Heterologous prime boost regimen 2 

 
Study Design and Methodology 

This will be a randomized, open-label, pilot feasibility study of four 2-dose vaccine regimens using 
two commercially available seasonal influenza vaccines to compare immune responses and in vitro 
cross-reactivity against H5N1. Vaccine doses will be spaced by approximately 8 weeks to allow 
for optimal prime boost conditions. Humoral, cellular and secretory immune responses will be 
measured 2 and 4 weeks after each vaccine dose and compared with baseline values. 
 

Study Endpoints 
The primary study endpoints will be determination of pre and post vaccination immune responses 
in 26 healthy human subjects to 2 doses of seasonal influenza vaccine including whether there is in 
vitro cross-reactivity against H5N1 virus as follows: 
 
1) Antibodies ELISA titers calculated as the dilution factor required to give an optical density of 

0.5.  
 
2) Hemagglutination inhibition activity defined as the titer required to completely inhibit 

hemagglutination);  
 
3) Microneutralization assay endpoint titer; determined by using 50% specific signal calculation. 

The endpoint titer will be expressed as the reciprocal of the highest dilution of serum with 
A490 value less than X, where X = [(average A490 of VC wells) – (average A490 of CC 
wells)] / 2 + (average A490 of CC wells). 

  
4) Neuraminidase inhibition assay titer defined as the highest sample dilution that produces 50% 

inhibition of virus control. 
 
5) Plaque reduction assay titer assessed as the highest sample dilution that will give a reduction of 

plaque count of 50%. 
 

6) H5 pseudotyped lentiviral particle-based serological assay titer assessed as the highest sample 
dilution that produces 50% inhibition of virus control. 
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7) Influenza specific T-cell cytokine production by influenza-specific T-cells defined as the 
percentage of cytokine-staining cells at least twice background. 
 
8) Human monoclonal antibody production from peripheral blood memory B cells isolated 
from selected subjects  
 
 
Duration of Subject Participation 
This study will take up to 12 months from enrollment of the first subject to completion of the in 
vivo portion. Each subject will be followed up for approximately 12 weeks following entry into the 
study (screening, dosing, follow-up). The total study duration will be 2 years. 

A subset of previously enrolled subjects may be invited to participate in an additional phase of the 
study, which will involve consent for use of stored sample and a possible single blood draw if 
extra sample is required. No follow-up will be required after the day of blood draw 
 

Safety Data Collected 
Subjects will complete a symptom diary for 14 days following each dose of vaccine. Adverse 
event monitoring will continue throughout the study duration. 
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I.  GENERAL INFORMATION 

Title: Evaluation of In Vitro Cross-Reactivity with Avian Influenza H5N1 
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In vitro procedures:  Sathit Pichyangkul, Ph.D. 
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                         113, Thailand Science Park 
                         Pathumthani 12120, Thailand 
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II. Investigator Protocol Agreement Page 
 

1. I agree to follow this protocol version as approved by the IRBs/ERCs.  
 
2. I will conduct the study in accordance with applicable IRB/ERC requirements, federal regulations, 

and state and local laws to maintain the protection of the rights and welfare of study participants.  
 
3. I certify that I, and the study staff, have received the requisite training to conduct this research 

protocol.  
 

4. I will not modify the protocol without first obtaining an IRB/ERC approved amendment and new 
protocol version unless it is necessary to protect the health and welfare of study participants.  

 
5. In accordance with Command Policy 2008-35, I will ensure that the Commanding General receives 

a pre-brief (Executive) Summary and approves the study prior to execution.  
 

6. I will ensure that the data (and/or specimens) are maintained in accordance with the data (and/or 
specimen) disposition outlined in the protocol. Any modifications to this plan should first be 
reviewed and approved by the applicable IRBs/ERCs.   

 
7. I will promptly report changes to the research or unanticipated problems to the WRAIR IRB 

immediately via the WRAIR Division of Human Subjects Protection at (301) 319-9940 (during 
duty hours) or to the WRAIRDHSP@amedd.army.mil and submit a written report within 10 
working days of knowledge of the event.  

 
8. I will prepare continuing review reports at an interval established by the IRB/ERC, and a study 

closure report when all research activities are completed.  
 

9. I will immediately report to the WRAIR Division of Human Subjects Protection knowledge of any 
pending compliance inspection by any outside governmental agency.  

 
10. I agree to maintain adequate and accurate records in accordance with IRB policies, federal, state 

and local laws and regulations.  
 

 

 
 
 
Signed: ______________________________ Date: __________________________ 
 
Name:  Dr. Delia Bethell 
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III. ABBREVIATIONS 
 

AE Adverse event 
AFRIMS Armed Forces Research Institute of Medical Sciences 
B-HCG Beta human chorionic gonadotropin 
BP Blood pressure 
CBC Complete blood count 
CTL Cytotoxic T-lymphocyte 
CRC Clinical Research Coordinator 
CRF Case report form 
DBRPC Double-blind randomized placebo-controlled trial 
DHSP Division of Human Subjects Protection 
ELISA Enzyme-linked immunosorbant assay 
FDA Food and Drug Administration 
FWA Federal-Wide Assurance 
GCP Good Clinical Practices 
HA Hemagglutinin 
HIV Human immunodeficiency virus 
HR Heart rate 
HSRRB Human Subjects Research Review Board 
ICH International Conference on Harmonization 
IgA Immunoglobulin A 
IgG Immunoglobulin G 
IgM Immunoglobulin M 
IRB Institutional Review Board 
IIV Inactivated influenza vaccine 
LAIV Live attenuated influenza vaccine (FluMist®) 
NA Neuraminidase 
NIH National Institute of Health 
PBMC Peripheral blood mononuclear cells 
PE Physical examination 
PI Principal Investigator 
QC/QA Quality control/Quality assurance 
RR Respiratory rate 
SAE Serious adverse event 
SOP Standard operating procedure 
SSP Study specific procedure 
Temp Temperature 
TLR 9 Toll-like receptor 9 
USAMMDA U.S. Army Medical Materiel Development Activity 
USAMRMC ORP HRPO U.S. Army Medical Research and Materiel Command, Office for 

Research Protection, Humans Research Protection Office 
VS Vital signs 
WRAIR Walter Reed Army Institute of Research 
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IV. BACKGROUND INFORMATION 
 

IV.1. Introduction 
 

For more than a century, humans have been afflicted with illnesses characteristic of influenza virus 
infection. Influenza virus is a respiratory pathogen belonging to the family of Orthomyxoviridae 
that causes annual epidemics and occasional pandemics {Cox, 2004}. In a pandemic, global spread 
of a new influenza virus, unrelated to viruses circulating prior to the outbreak, results in increased 
morbidity and mortality. Recently, several avian viruses have crossed the species barrier and 
directly infected humans, presenting a possible pandemic threat. One of these is avian influenza 
H5N1 virus, with a mortality rate of more than 50% {Beigel, 2005}. The first documented cases of 
human infection with avian influenza H5N1 virus occurred in Hong Kong in 1997, when 18 people 
were reported to be infected, among whom 6 died{Claas, 1998}. So far, H5N1 viruses are 
primarily animal pathogens and mainly circulate in poultry. Most human cases to date have arisen 
from close contact to infected poultry or their waste products; human-to-human transmission 
evidently remains very limited {Fauci, 2006}. Even so, the high case-fatality rate in humans and 
the concern that mutant viruses might acquire the capacity for efficient transmission among 
humans has caused great concern worldwide.  
 
A major strategy to combat pandemic influenza is the generation of an effective vaccine that 
induces protective immune responses through neutralizing antibodies {Katz, 2006 #34}. Several 
H5N1-specific vaccines are currently being developed; however, high containment conditions are 
required to grow and purify highly pathogenic H5 vaccines and in addition chicken egg-based 
production is limited because H5N1 is lethal to eggs. Also, since influenza viruses undergo 
unpredictable antigenic shifts, effective vaccines should induce broad immune responses that are 
not limited to one strain of H5N1. 
  
Live, attenuated influenza vaccine (LAIV) is an intranasally administered vaccine, designed to 
induce an immune response resembling infection with wild-type influenza without causing 
disease{Cox, 2004}. Compared to conventional intramuscular inactivated vaccines, LAIV induces 
higher amounts of mucosal antibodies and broader immune responses, including cellular 
immunity. Even, LAIV can induce responses to antigenically mismatched influenza A strains. We 
hypothesize that heterologous prime-boost immunization of humans with LAIV and inactivated 
influenza vaccine will induce broader immune responses and cross-immunity to a variety of H5N1 
avian influenza viruses. 
 

 
IV.2. Immunology of Influenza and Influenza Vaccines 

 
IV.2.1. Influenza Virus 

Influenza virus is a globally occurring respiratory pathogen which causes a high degree of 
morbidity and mortality every year. There are three types of influenza virus, A, B and C, 
which differ in their internal proteins, nucleoprotein and matrix protein. Type A is found in 
a wide variety of warm blooded animals, including birds and human, whereas B and C are 
restricted to human. Disease is mainly caused by influenza A and B. Influenza A can be 
classified into subtypes on the basis of the surface glycoproteins hemagglutinin (HA) and 
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neuraminidase (NA), of which 16 (H1-H16) and 9 (N1-N9) subtypes exist, respectively. 
All subtypes have been found in aquatic ducks, but only some can infect humans.  
 
Influenza is continuously undergoing changes in its surface glycoproteins to escape host 
immunity. There are two mechanisms for this continual emergence of variants, antigenic 
drift and antigenic shift. Antigenic drift is caused by an accumulation of point mutations in 
HA and NA genes, resulting in minor changes in amino acids that allows the virus to 
escape neutralizing antibodies from previous infections or immunizations. Antigenic drift 
leads to new epidemic strains; this phenomenon drives the annual reformulation of the 
influenza vaccine. Antigenic shift occurs only rarely when a novel HA derived from avian 
of animal origin appears in humans. If this novel virus is capable of spreading from human-
to-human, it may cause a pandemic.  
 
Influenza viruses grow rapidly in human respiratory mucosa, allowing human-to-human 
transmission via respiratory virus-laden droplets (coughs and sneezes) even before onset of 
symptoms. In this way, influenza outbreaks can rapidly move through a population. The 
symptoms are respiratory, including cough, sore throat, rhinitis, as well as systemic, such 
as fever, myalgia, headache and severe malaise. Uncomplicated influenza resolves itself 
within 1 to 2 weeks; however, in persons with underlying medical conditions, young 
infants and elderly people, influenza can lead to hospitalization and even death. 
 

IV.2.2. Avian influenza H5N1 
The first documented cases of human infection with avian influenza H5N1 virus occurred 
in Hong Kong in 1997, when 18 people were reported to be infected, among whom 6 
died{Claas, 1998}. In Asia, wild and domestic aquatic birds provide the natural reservoir 
for H5 influenza viruses; live-poultry markets in Hong Kong were found to be the source 
of the virus transmitted to humans {Webster, 2006}. Although the H5N1 viruses remained 
relatively unchanged from 1997 to 2002, in later years marked antigenic drift occurred 
resulting in H5N1 highly pathogenic to chickens and wild birds; of note, certain wild birds 
show no disease signs but are a source of infectious H5N1. This went hand in hand with 
spreading of H5N1 across Asia and later Europe and Africa, through migratory birds or 
transport of live birds. At the same time, additional cases of avian-to-human transmission 
of H5N1 were reported in Vietnam, Thailand, Cambodia and Indonesia, as well as some 
African countries. 
 
To date (28 May 2008), 383 cases have been reported of which 241 resulted in death 
(www.who.int). These represent only laboratory-confirmed cases of H5N1 infection and 
actual numbers might be higher. Still, the number of human cases is limited if the 
continued high circulation in wild and domestic birds is taken into account. Human-to-
human transmission was probably only involved in a minority of cases. Even so, pandemic 
preparedness is necessary, since there is no doubt that an influenza pandemic will occur 
and rapidly changing H5N1 viruses are prime candidates to cause this pandemic{Webster, 
2006}. Of great concern is the potential of reassortment of H5N1 with human viruses 
and/or adaptation of H5N1 to the human host that would result in a pandemic strain that 
can be transmitted from human-to-human. Combined with the high mortality of H5N1 
(61%), this could cause a global catastrophe.  
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IV.2.3. Immune responses to influenza virus 
The immune system recognizes and fights any incoming pathogen. It consists of two parts, 
the humoral immune system responsible for antibody production and the cellular immune 
system, including cytotoxic T lymphocytes that kill infected cells. For the resistance to and 
recovery from influenza, antibodies are the most important{Cox, 2004}. During the course 
of infection, antibodies are produced against a variety of influenza antigens, of which HA-
specific antibodies are the most effective for neutralization of the virus and thus prevention 
of illness. However, antibodies directed against other influenza proteins can limit viral 
replication and ameliorate disease. After natural infection, a protective serum antibody 
response (haemagglutination inhibition titre >40) can be detected in about 80% of subjects 
and the level of serum antibodies correlates with resistance to illness following natural and 
experimental infection{Cox, 2004}. The major neutralizing antibodies are of the IgA class, 
but also IgM and IgG antibodies are detected after infection. Locally, in mucosal tissues, 
IgA is most prominent, whereas in serum IgG levels are dominant. Antibody levels peak 
after 2 weeks and then begin to decline.  
 
The cellular immune system plays a role in recovery from influenza infection and 
prevention of influenza-associated complications {Doherty, 2006}{Cox, 2004}. Cytotoxic 
T-lymphocytes (CTLs, also called CD8+ T cells) can lyse influenza infected cells in concert 
with influenza-specific antibodies and complement. CTL levels peak 2 weeks after 
infection and return to baseline after 6 months. Interestingly, influenza-specific CTLs 
exhibit cross-reactivity between influenza A strains, i.e. they lyse cells infected with other 
influenza A subtypes. In addition to CD8+ T cells, influenza-specific CD4+ T cells are also 
induced during infection. These so-called T-helper cells mainly function to promote high-
quality antibody responses. 
 

IV.2.4. Influenza vaccines 
The primary method for prevention of influenza and its associated complications is 
vaccination. The World Health Organization has a global influenza surveillance network to 
detect circulating strains; based on this information they determine which strains are used 
in all vaccines to match the circulating strains. Current vaccines are trivalent and contain 
two subtypes of influenza A and one subtype of influenza B (season 2007/2008: 
A/Solomon Islands/3/2006 (H1N1)-like virus; A/Wisconsin/67/2005 (H3N2)-like virus; 
B/Malaysia/2506/2004-like virus). The viruses for vaccine are propagated in embryonated 
hens’ eggs and subsequently purified; this whole process requires at least six months. Two 
general types of vaccines are currently licensed for use: inactivated influenza vaccines 
(IIVs) and live, attenuated influenza vaccines (LAIVs). For IIVs, that are licensed 
worldwide, viruses are inactivated with formaldehyde or beta-propiolactone. IIVs are 
available as whole or subunit (purified surface glycoproteins) formulations and are 
administered intramuscularly or subcutaneously {Katz, 2006}. After administration of IIV, 
the level of serum anti-HA antibodies correlates with protection against influenza infection.  
Recent work has also demonstrated step-wise increasing antibody responses to multiple 
doses of inactivated influenza vaccine (A/H1N1) in healthy human volunteers that are not 
specific for just the vaccine strain of virus but also to antigenically different influenza 
viruses { Keitel 2008}. 
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IV.2.5. Live, attenuated influenza vaccines 
The goal of LAIVs is to induce an immune response that more closely resembles that of 
natural infection. LAIVs are delivered intranasally and replicate to a limited extent in the 
upper respiratory tract. In this way, they induce immune responses similar to those induced 
by natural infection. The viruses used are based on the concept of cold-adaptation resulting 
in attenuated influenza master strains that grow at 33oC (as in nasal passages, which are 
below body temperature) but not at higher temperatures. These master strains can 
subsequently be recombined with the HA and NA genes of the annually recommended 
vaccine strains, resulting in reassortants that possess the attenuated phenotype of the master 
strain and the desired antigenic properties of the epidemic strains. LAIVs are currently only 
licensed for use the USA (FluMist®) and in Russia.  
 
Compared to IIVs, LAIVs induce a similar frequency of systemic vaccine reactions and a 
similar efficacy in preventing influenza {Beyer, 2002}. Serum levels of anti-influenza 
antibodies were lower, whereas mucosal IgA levels were higher as compared to IIVs. 
Unlike IIV, no general immune correlates of protection have been established for 
LAIV{Ambrose, 2006}. As observed for natural infections, not all differences in protection 
could be accounted for by differences in serum antibody titers indicating that multiple 
immune mechanisms confer resistance to influenza. The presence of an antibody response 
is predictive of protection; however, the absence of antibodies does not reflect the absence 
of protection. Of note, LAIVs induce broader antibody responses, not only to HA proteins 
but also to other influenza proteins {Ambrose, 2006 38}{Belshe, 2004}. Even, responses 
are not limited to the strains used for vaccination, but neutralizing antibodies are also 
induced that cross-react with mismatched strains. Five different efficacy trials have 
demonstrated that immunization with LAIV can protect against antigenically drifted 
influenza strains, in addition to providing protection against the influenza strains used in 
the vaccine{Belshe, 2004}. This was confirmed in vitro, by testing sera on antigenically 
mismatched strains; vaccination with LAIV resulted in antibodies to drifted variants 
whereas IIV could not induce such cross-reactive antibodies.  These results were obtained 
using antigenically drifted influenza strains within the same subtype (variants of H3N2); no 
results are available for antigenically shifted strains (e.g. H5N1). In contrast to IIV, LAIV 
not only generates antibody responses, but also cytotoxic T cell responses.  

 
IV.2.6. Vaccines against avian influenza H5N1  

In the event of a flu pandemic, it is unlikely that production of a new vaccine using the 
classical method of embryonated hens’ eggs is fast enough to meet expected demand. For 
avian influenza viruses, there are several more problems for the generation of vaccine 
candidates. Avian influenza viruses are lethal to embryonated eggs, which limits growth in 
large quantities. In addition, high containment conditions are required to grow and purify 
highly pathogenic H5 vaccines. Also, it might be too risky to give a live, attenuated variant 
of H5N1 to humans. Since influenza A viruses undergo unpredictable antigenic shifts, 
effective vaccines should induce broad immune responses that are not limited to one strain 
of H5N1. 
 
Despite these obstacles, several candidate H5N1 vaccines have been tested in clinical trials, 
all based on inactivated vaccines{Treanor, 2006} {Treanor, 2001}{Bresson, 2006}{Lin, 
2006}{Leroux-Roels, 2007}{Ehrlich 2008}. All vaccines required a two-dose strategy to 
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raise high antibody titers and cross-reactivity to heterologous H5N1 strains, even in the 
presence of adjuvant {Subbarao, 2007}. An alternative strategy is the use of non-
pathogenic H5 strains to induce cross-reactivity to highly pathogenic strains. Using an 
H5N3 surface-antigen vaccine (IIV), Stephenson et al showed that cross-reacting antibody 
responses to H5N1 could be induced, but only after 2 doses with addition of an adjuvant or 
after 3 doses of a nonadjuvanted vaccine{Stephenson, 2005}{Stephenson, 2003}. Similarly 
in mice, an adjuvanted non-pathogenic H5N2 IV could generate cross-protection against 
challenge with highly pathogenic H5N1 {Lu, 2006}. Interestingly, in the same study, one 
dose of non-pathogenic H5N2 LAIV gave similar levels of protection against H5N1 as 
compared to two doses of IIV. 
 
Yet another approach would be to use currently licensed seasonal trivalent influenza 
vaccines to induce cross-protection against H5N1. This has only been tested in mice, using 
3 doses of adjuvanted 2005-2006 seasonal IIV (containing H1N1 and H3N2){Ichinohe, 
2007}. The observed cross-protection against H5N1 challenge in this study was likely 
mediated by mucosal IgA specific to viral internal protein, obtained upon intranasal 
inoculation, but not when using the subcutaneous route. The use of licensed seasonal 
trivalent influenza vaccines to elicit cross-immunity against H5N1 is further supported by 
recent published data showing that antibodies against neuraminidase (N1), and viral 
conserved internal proteins (matrix protein and nuclear protein) were able to induce cross-
protection in mice against H5N1 references {Sandbulte, 2007} {Huleatt, 2008} {Lalor, 
2008} {Ernst, 2008}. 
 
In general, immune responses to vaccines can be increased by 1 of 3 ways: addition of 
adjuvant and/or administration of multiple doses and/or a combination of 2 different 
vaccine strategies (heterologous prime-boost). Since H5N1 is antigenically diverse from 
current human influenza, it is expected that a different strategy will be needed to induce 
protective immune responses as compared to seasonal influenza. Indeed, multiple doses 
were required for all candidate H5N1 vaccines or vaccines that induce cross-protection 
tested so far and most candidate H5N1 vaccines were poorly immunogenic without 
adjuvant (Subbarao, 2007). Alternatively or additionally, two diverse vaccines could be 
used sequentially in a so-called heterologous prime-boost strategy to increase and broaden 
immune responses. It has been well documented that heterologous prime boost vaccination 
elicits high-magnitide, broad-based and long-lasting immunity in several different animal 
and disease models {Verrier, 200} {McConkey,2003} {Gomez, 2007}. In such a prime-
boost vaccination, one vaccine is used to initiate immune responses (“prime”), followed by 
a second immunization with a different vaccine to boost immune responses. In the case of 
influenza, LAIV and IIV could be combined as a prime-boost vaccination. This approach 
has several advantages over using two immunizations with the same vaccine. Firstly, upon 
a 2nd immunization with LAIV memory responses will rapidly lead to elimination of the 
virus, thus drastically reducing viral replication, immune responses and ultimately vaccine 
efficacy. More importantly, we expect that by combining a mucosal vaccine containing live 
virus with an intramuscular vaccination using inactivated virus, induced immune responses 
will be broader and higher, both systemically and mucosally. Our approach, therefore, is to 
compare cross-reactivity of two doses of seasonal LAIV or IIV to H5N1 versus a 
prime/boost dosing of LAIV followed by IIV or vice versa. We hypothesize that such a 
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prime-boost strategy will favor generation of both IgA and IgG antibodies that are able to 
cross-react with and protect against H5N1. 
 
 
 

 
IV.3. FluMist® Live Attenuated Influenza Vaccine 

 
IV.3.1. Product information 

FluMist® was first approved by the FDA in 2003 for the prevention of disease caused by 
influenza A and B viruses in healthy subjects aged 5 to 49 years. Even though it was 
considered safe in the 50-64 year old age group the data on efficacy was not considered 
strong enough for licensure to be applied to this group. Following clinical trials the 
indication for use was broadened to include children aged 2 years and older. Initially 
FluMist® was a frozen formulation; however in 2007 the formulation was converted to a 
refrigerated liquid, which requires storage at 2-8oC. FluMist® is licensed for use only in the 
USA. 
 
FluMist® is a live, trivalent vaccine for administration by intranasal spray. The influenza 
virus strains are (a) cold-adapted, meaning they replicate well at 25oC, a temperature that is 
restrictive for replication of many wild-type influenza viruses; (b) temperature-sensitive, 
meaning they are restricted in replication at 37oC (Type B strains) or 39oC (Type A strains), 
temperatures at which many wild-type influenza viruses grow efficiently; and (c) 
attenuated, meaning they do not produce classic influenza-like illness in the ferret model of 
human influenza infection. The combined effect of the antigenic and phenotypic properties 
is that the attenuated viruses replicate in the nasopharynx to induce protective immunity. 
 
For each of the 3 reassortment strains in FluMist®, 6 internal gene segments responsible 
for (a) to (c) phenotypes are derived from a master donor virus (MDV), and the 2 segments 
that encode HA and NA are derived from the corresponding antigenically relevant wild-
type influenza viruses that have been recommended for inclusion in the annual vaccine 
formulation. Thus the 3 viruses contained in FluMist® maintain the replication 
characteristics and phenotypic properties of the MDV and express the HA and NA of wild-
type viruses that are related to strains expected to circulate during the 2008-2009 influenza 
season. 
 
Each of the reassortment strains is inoculated into specific pathogen-free eggs and 
incubated to allow viral replication. The monovalent bulk is then harvested, filtered and 
combined to form trivalent vaccine. Each pre-filled sprayer contains a single 0.2ml dose. 
Each dose contains 10FFU (fluorescent focus units) of live attenuated influenza virus 
reassortments of each of the 3 strains (for the 2008/9 Northern Hemisphere season these 
will be: an A/Brisbane/59/2007 (H1N1)-like virus, an A/Brisbane/10/2007 (H3N2)-like 
virus, and a B/Florida/4/2006-like virus), monosodium glutamate, hydrolyzed porcine 
gelatin, arginine, sucrose, dibasic potassium phosphate, monosodium phosphate, and 
<0.015mcg gentamicin sulphate. There are no preservatives. 
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IV.3.2. Safety and tolerability following single and dual dose administration in 
healthy subjects 

Pre-licensure clinical trials, in which more than 20,000 subjects (of whom 3,700 were 
healthy adults) received more than 28,000 doses of LAIV (FluMist®), showed the vaccine 
to be safe and well-tolerated (Belshe 2004). In the largest published study of safety in 
healthy adult volunteers, a randomized double-blind, placebo-controlled trial of LAIV, the 
following AEs were reported following a single dose of vaccine: runny nose 44%; sore 
throat 27%; fever 1%; cough 17%; headache 40%; muscle aches 19%; tiredness 23%. Most 
of these AEs were reported equally between the LAIV and placebo groups; however runny 
nose and sore throat were significantly more likely to be reported in the LAIV group (17% 
and 10% increase respectively) (Nichol 1999). Most vaccine-related AEs lasted just 1-2 
days and occurred during the first 7 days after vaccination. There was no increase in use of 
concomitant medications such as antibiotics or cold remedies in LAIV recipients. There 
were no SAEs attributable to LAIV.  
 
Post-licensure AEs in FluMist® recipients reported to VAERS (US Vaccine Adverse Event 
Reporting System) during the first 2 seasons of FluMist® use were published in 2005 
(Izurieta 2005). There were no unexpected serious risks identified. Out of approximately 
2.5 million recipients, 460 AE reports were received: 217 involved respiratory events (67 
were influenza-like and 2 of these were serious influenza-like illness); 7 possible cases of 
anaphylaxis of which 5 were within 20 minutes of vaccination (giving an anaphylaxis rate 
of 2 per million vaccines which is similar to that of MMR); 47 other allergic; 2 Guillain 
Barre syndrome; 1 Bells palsy; 8 asthma exacerbation in individuals with a prior asthma 
history; 13 epistaxis; 33 abdominal symptoms; 67 constitutional symptoms (21 
weakness/tiredness; 14 fever; 13 headache; 12 dizziness; 7 arthritis). There were no deaths 
associated with vaccination.  
 
In children, the AE profile seems similar to that in adults. Two studies reported 11% more 
nasal congestion/rhinorrhea in 1038 vaccinated children aged 15 to 71 months, a greater 
use of analgesics and antipyretics after the first dose and a non-significant trend towards 
more fever and reduced activity levels (4% in both instances) in the vaccine groups 
compared to placebo recipients (Belshe 1998, Piedra 2002). These differences were only 
observed on the 2nd and 3rd days following vaccination, although these symptoms were also 
evident again on days 8 and 9. The odds ratios of developing significant symptoms 
compared to placebo up to 10 days after vaccination were as follows: runny nose/nasal 
congestion 1.61; vomiting 1.78; muscle ache 2.0; fever 1.52. Other reported symptoms did 
not occur at an increased rate after controlling for variables such as age and child care 
attendance. Again there were no associations between vaccine use and SAEs, otitis media 
or use of medications. There was a 21% reduction in the overall incidence of febrile 
illnesses during 8 months after the start of the study. 
 
There are no published studies detailing safety in healthy adults following dual dosing with 
FluMist®. There are some published reports of safety following intranasal vaccination with 
precursors of FluMist, in which no increase in AEs were seen following the second dose, 
though reduced viral shedding was observed (Kietel 1993, Reeve 1980). However 2 doses 
of FluMist® one month apart is the licensed vaccine regimen for previously unvaccinated 
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children aged 2-8 years because of the improved immune response following the second 
dose (Belshe 1998, 2004, 2007, Tam 2005). In children the second dose appears to be 
better tolerated than the first with no excess of AEs compared to a placebo comparator 
group. It is reasonable to suppose that the AE profile in adults would be comparable to that 
in children and that a second dose of FluMist® would be safe and well-tolerated. 

 
IV.3.3. Safety in special groups 

Because FluMist® is a live vaccine, immunocompromised subjects and those with chronic 
medical conditions are currently advised to receive inactivated vaccine rather than 
FluMist®. However because of the advantages conferred by inducing a broad cross-
protection with LAIV compared to IIV, and because of the theoretical concerns that viral 
shedding from vaccine recipients may cause secondary transmission of live vaccine strains 
to vulnerable groups, a number of small studies has been conducted to try and address the 
issue of whether or not LAIV is safe in certain special groups: 
 
• Pre-school children. Since the main mode of transmission of influenza appears to be 

via droplets from young children, immunizing this group was seen as an important step 
in limiting influenza spread within the household. However one study of LAIV in 
young children (Bergen 2004), a DBRPC study of FluMist® versus placebo in which 
9689 children aged 12 months to 17 years were enrolled, found a statistically significant 
increase in risk of asthma/reactive airways disease in children aged 12 to 36 months 
following administration of FluMist® (relative risk 4.1 (90% CI 1.29 to 17.86)). This 
finding has not been repeated in other studies with similar design (Ashkenazi 2006, 
Fleming 2006, Piedra 2005). However, a further study by MedImmune (Package insert, 
Appendix 1) showed that wheezing was more common in FluMist® recipients aged 6-
23 months than active controls (5.9 and 3.8% respectively), though not in children aged 
24 to 59 months, while rates of all-cause hospitalization were also more frequent in the 
6 to 23 month age group. A recent study in babies less than 6 months old showed more 
irritability and nasal congestion in those infants aged 6 to 15 weeks compared to a 
placebo group but no other clinical signs (Vesikari 2008). The effects were seen after 
Dose 1 but not after Dose 2. For these reasons FluMist® is currently not recommended 
for use in children aged less than 2 years. 

 
• Asthma. In children aged 9 to17 years with a diagnosis of moderate to severe asthma 

there was no effect of LAIV on asthma and no differences in post-vaccination 
symptoms between vaccinated and placebo groups (Redding 2002).  

 
• HIV-positive subjects. LAIV was well-tolerated by 26 HIV positive adult subjects 

with relatively good health in a DBRPC trial (King 2000). There was no increased risk 
of AEs in the HIV positive recipients compared to HIV negative recipients, no effect on 
HIV viral load, CD4 counts and no prolongation of viral shedding post vaccination. 
LAIV recipients were more likely to have nasal congestion than placebo recipients 
regardless of HIV status. Similar results were obtained from a study in HIV-positive 
and negative children in which 2 doses were given 1 month apart in a RDBPC trial 
(King 2001). Both studies concluded that inadvertent vaccination with LAIV in 
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relatively asymptomatic HIV-infected individuals would not be associated with 
frequent significant AEs. 

 
• Elderly subjects with chronic medical conditions. LAIV or placebo was given 

intranasally along with intramuscular IIV to 200 subjects aged 65 years or older who 
had a chronic medical condition (cardiovascular disease 65, pulmonary disease 11, 
diabetes mellitus 53) (Jackson 1999). Other than sore throat, which was significantly 
more frequently reported in LAIV than placebo recipients (15 versus 2%), the vaccine 
was safe and well-tolerated in this heterogeneous group of subjects. 

 
• Pregnancy and lactation. There have been no detailed animal reproduction studies 

involving FluMist®, hence it is not known whether it can harm the fetus or affect 
reproduction capacity. In a single unpublished study of rats administered vaccine once 
or twice before gestation, during organogenesis or both, large doses of vaccine had no 
effect on pregnancy, parturition, lactation, embro-fetal or pre-weaning development, 
and no evidence of teratogenesis (Product Prescribing Information, Appendix 1a). It is 
not known if FluMist® is excreted in human milk. Although not specifically 
contraindicated the manufacturer advises against use of FluMist® in pregnant and 
nursing women. 

 
IV.3.4. Secondary transmission of vaccine virus 

Because FluMist® contains live, attenuated influenza viruses that must infect and replicate 
in cells lining the nasopharynx of the recipient to induce immunity, vaccine viruses capable 
of infection can be cultured afterwards from nasal secretions. A small study in healthy 
adults showed that 50% of subjects shed vaccine virus on Day 3 after vaccination, but none 
shed between Days 10 and 21 (Talbot 2005). In a RDBPC study in a day-care setting in 
children aged less than 3 years at least 1 vaccine strain was isolated from 80% of recipients 
during 21 days post-vaccination (Vesikari 2006). Transmission of at least 1 vaccine strain 
to non-vaccinated close contacts within the centre was calculated to be 2.4% (95%CI 0.13 
to 4.6), while the probability of transmission to a child after contact with a single 
vaccinated child was 0.58% (95%CI 0-1.7). Duration of vaccine shedding has not been 
definitively established, though in the above study the mean duration was 7.6 days + 3.4 
days. 
 
Post-licensure AEs in 2.5 million FluMist® recipients reported to VAERS during the first 2 
seasons of FluMist® (Izurieta 2005) included 22 reports of possible secondary transmission 
of the vaccine virus from vaccinees to non-vaccinees. None of these events resulted in 
hospitalization. Ages ranged from 3 to 64 years. The interval from exposure to a vaccinated 
person to symptom-onset ranged from a few hours to 15 days. 59% of the events were 
transmission to a health care clinician who administered the vaccine, although almost half 
of the vaccinees had respiratory symptoms at the time of vaccination. Secondary 
transmission was not confirmed by laboratory tests in any of the cases. There have been no 
reports of secondary transmission to an immunosuppressed individual. 
 
 
 



   Department of Immunology and Medicine, USAMC-AFRIMS 
 

Seasonal Influenza Vaccine Study Version 6.0, 29 April 2011 
22 

 
 
IV.4. Fluzone® Inactivated Influenza Vaccine 
 

IV.4.1. Product Information 
Fluzone® is a formaldehyde-inactivated vaccine made from influenza viruses propagated in 
embryonated chicken eggs and designed for intramuscular use. The virus is chemically 
disrupted using a surfactant and then further purified and suspended in buffered isotonic 
sodium chloride solution. It is then standardized according to USPHS requirements for the 
influenza season and formulated to contain 45 micrograms HA per 0.5ml dose in the same 
recommended ratio as for FluMist® (Section IV.3.1). Gelatin is used as a stabilizer. It is 
supplied both with a preservative (thiomersal, a mercury derivative) and also without any 
preservative, as a 0.5ml pre-filled syringe or vial. No antibiotics or latex are used in the 
manufacturing process. The dose for adults is 0.5ml. 
 

IV.4.2. Safety and tolerability following single and dual dose administration in 
healthy subjects 

Because this vaccine contains killed viruses only it cannot cause influenza-like symptoms 
or viral shedding. Following single dose administration local reactions in placebo-
controlled studies in adults consist mainly of soreness at the vaccination site (10-64% of 
subjects) lasting up to 2 days, local pain and swelling.These local reactions typically are 
mild and rarely interfere with the persons abilities to conduct usual daily activities. 
Systemic reactions, such as fever, malaise, myalgia and headache, are uncommon in 
healthy adults and older persons when compared with placebo injections. Systemic 
reactions that do occur begin 6-12 hours after vaccination and can persist for 1-2 days. 
Young children who have had no prior exposure to influenza antigens in the vaccine are 
more likely to experience systemic symptoms. Immediate allergic reactions, such as hives, 
angioedema, allergic asthma and systemic anaphylaxis occur extremely rarely and are 
believed to result from hypersensitivity to certain vaccine components, the majority 
probably due to egg protein.  
 
Guillain Barre Syndrome has been reported following influenza vaccination although the 
association remains unclear; for every 1 million persons vaccinated there is approximately 
1 additional case of GBS (Haber 2008). Potential vaccinnees who have previously had 
GBS may be at increased risk of GBS following influenza vaccination. There have also 
been rare reports of neurological disorders such as encephalopathy, facial paralysis, optic 
neuritis and brachial plexus neuropathy in the 2 weeks following vaccination; full recovery 
was almost always reported (Schonberger 1979, Retaillaiu 1980, Guerrero 1979).  
 
As for FluMist®, there is only very limited information about safety and tolerability 
following a second dose of IIV, and there is no information about a second dose of 
Fluzone® specifically. Two doses of trivalent IIV (such as Fluzone®) one month apart is 
the licensed dose for previously unvaccinated children aged less than 9 years. While there 
are no published studies in healthy adults, Englund and colleagues gave 2 or 3 doses of IIV 
to 259 6-23 month old children over an 8-month period, of which the last two doses were 
separated by 30 days; There was no increase in the incidence of fever, pain, redness or 
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swelling at the vaccination site following the 2nd or 3rd doses, suggesting that additional 
doses of IIV are well-tolerated (Englund 2005). However a study by Neuzil et al in 5-8 
year old children given 2 doses of IIV (Sanofi Pasteur 2004-5 vaccine) 4 weeks apart 
showed more frequent reports of pain following the second dose (71 versus 59% after the 
first dose) but increased reports of redness, swelling or itching at the injection site after 
dose 2 (Neuzil 2006). A high pre-vaccination antibody titer (>1:10) of B/Jilin/20/2003 
compared with a B/Jilin/20/2003 titer of <1:10, but not other anti-influenza antibodies, was 
found to be predictive of moderate/severe pain after dose 2 (relative risk 1.60, 95% CI 
1.01-2.56). Thus it is possible that some subjects could experience more pain or discomfort 
at the injection site following a second dose of intramuscular IIV than is experienced 
following the first dose. 
 
 In adults there are some data on dual dosing in subjects believed to be at risk of mounting 
a poorer immune response to influenza vaccine than healthy adults. However these reports 
focus more on vaccine efficacy rather than detailed safety or tolerability. In a non-
randomized study of 2 doses of IIV given 1 month apart to 109 subjects aged 33 to 41 years 
(31 HIV-seronegative controls, 32 asymptomatic HIV seropositive, and 46 HIV-
seropositive with AIDS), there was no reported detrimental effect following administration 
of the second dose (Miotti 1989). Of note, although the subjects with symptomatic HIV did 
not have an improved level of immune response following the second dose of vaccine, a 
greater proportion of the uninfected control group did attain protective immunity following 
the second dose (73 and 82%, 100 and 100%, and 45 and 64% for the 3 vaccine strains of 
influenza after doses 1 and 2 respectively). Two studies in adult hemodialysis patients 
using 2003/4 vaccine also failed to demonstrate additional protection from a second dose of 
IIV given 1 month after the first, but did not report any safety or tolerability concerns 
following the 2nd dose (Tanzi 2007; Song 2006). 
 

IV.4.3. Safety in special groups 
 

• Elderly subjects with chronic medical conditions. Fluzone® plus placebo was given 
intranasally along with intramuscular Fluzone® to 200 subjects aged 65 years or older 
who had a chronic medical condition (cardiovascular disease 65, pulmonary disease 11, 
diabetes mellitus 53) (Jackson 1999). The vaccine was safe and well-tolerated in this 
heterogeneous group of subjects. AEs are described in Section IV.4 below. 

• Pregnancy and lactation. The vaccine is safe during pregnancy and lactation and is 
recommended in the US for all women who will be pregnant during the influenza 
season. 

• HIV-infected individuals. Fluzone® is safe when administered to HIV-infected 
individuals. 

• Asthma: Fluzone® is safe and is recommended for sufferers of this condition 
• Pre-school children: Fluzone® is safe and is specifically recommended for children 

aged 6-23 months 
 

 
IV.5. Concomitant Administration of FluMist® and Fluzone® 
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If Flumist® is administered at the same time as IIV the 2 vaccines seem to be well-
tolerated. Jackson et al (Jackson 1999) studied 200 seniors with chronic medical conditions 
such as coronary artery disease, previous myocardial infarction, COAD, emphysema or 
diabetes. In a RDBPC study all subjects received IIV (Fluzone® in all but 2 cases) followed 
straight away by intranasal LAIV or placebo. The IIV plus LAIV group reported 
occurrence of sore throat significantly more frequently than the placebo group (15 vs 2%). 
There were no differences between the groups for other reported AEs: pain at injection site 
(16 and 15%), redness at injection site (8 vs 9%), fever (3 vs 1%), cough (10 vs 9%), runny 
nose (28 vs 24%), headache (16 vs 15%), chills (5 vs 7%), muscle aches (15 vs 14%) or 
tiredness (20 vs 16%). There were 2 SAEs in each group, which were unrelated to the 
study, and no deaths 
 
IV.6. Study Justification 
 
Both LAIV and IIV contain neuraminidase (N1) which is the same subtype of 
neuraminidase found in avian influenza H5N1. In addition other viral proteins in human 
influenza vaccines (LAIV, IIV), including matrix protein 2 and nucleoproteins, are highly 
conserved among influenza A virus.  Recently published work has shown that the immune 
responses against these viral proteins will very likely be cross-reactive to H5N1 (Ichinohe, 
2007; Keitel, 2008). 
 
Because of the difficulties encountered in producing a specific H5N1 vaccine, and the 
animal data showing appreciable cross-protection of LAIV with other influenza A viruses, 
this study will contribute significantly to our understanding of human immune cross-
protection to H5N1 following single, dual or prime boost vaccination with currently 
available seasonal influenza vaccines. The dosing regimes proposed here for healthy adults 
are designed to achieve the maximal immune response so that the chance of detecting any 
measurable cross-protection is maximized. Although safety data on dual dosing with 
influenza vaccine in healthy adults is limited, the available data from children and adults 
with chronic medical conditions do not suggest there will be significant additional risks 
from the second dose.  

 
IV.7. Additional Background Information and Justification for Amendment 6 
 
Memory B cells are known to persist for a lifetime and therefore represent an ideal 
repository for antibody specificities generated by an individual after vaccination 
(Lanzavecchia, 2009). Unlike plasma cells, memory B cells can be immortalized by 
Epstein Barr virus (EBV). The EBV-transformed memory B cells produce large amount of 
antibodies; however the efficiency of B cell immortalization and cloning is low. An 
improved method of EBV immortalization has now been established using the TLR9 ligand 
CpG ODN, which is able to enhance the efficiency of EBV B-cell immortalization more 
than 100-fold (Traggiai, 2004). This method has been employed to dissect the human 
antibody response to pathogens such as, SARS (Traggiai, 2004), avian influenza H5N1 
(Simmons, 2007), HIV (Corti, 2010), and dengue (Beltramello, 2010). 
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Preliminary analysis of data from WRAIR #1525 indicates that serum from a subset of 
subjects exhibited potent in vitro cross-reactivity to H5N1 and pandemic H1N1 2009. The 
observed antibodies are probably generated from long-lived, cross-reactive memory B cells 
produced in response to a prime-boost vaccination with seasonal influenza vaccine, since it 
is likely that these subjects had never previously been exposed to H5N1 and/or pandemic 
H1N1 2009. 
 
We propose to attempt to produce human monoclonal antibodies from the original samples 
collected from those subjects with high responses to allow for further analysis of the 
immune response to influenza vaccines.  Subjects will be re-contacted to assess willingness 
to participate in an additional blood sampling under a minimal-risk human use protocol.  A 
greater understanding of cross-reactive memory B cell responses to influenza 
neuraminidase and hemagglutinin may eventually lead to new/novel preventive and 
therapeutic strategies. 

 
 
V. OBJECTIVES 
The hypothesis to be tested in this study is that heterologous prime-boost vaccination of healthy 
adults with a prime boost regimen of trivalent LAIV (FluMist®) and trivalent IIV (Fluzone®) will 
induce cross-immunity to a variety of H5N1 avian influenza viruses and human influenza viruses. 
 
Therefore the primary objectives of this study are: 

1. To establish whether a prime boost strategy using seasonal LAIV and IIV can augment 
cross-reactivity with H5N1 and human influenza strains.  

2. To detect the presence of antibodies that can inhibit infection with H5N1 and human 
influenza strains in microneutralization, plaque reduction, or H5 pseudotyped lentiviral 
particle-based assays after vaccination with seasonal LAIV and IIV. 

3. To establish the breadth of antibody responses to H5N1 strains and human influenza strains 
using ELISA, microneutralization, plaque reduction, H5 pseudotyped lentiviral particle-
based  assays, neuraminidase inhibition assay, and hemagglutination inhibition after 
vaccination with seasonal LAIV and IIV. 

4. To observe T-cell responses following vaccination with seasonal LAIV and IIV. 
5. To attempt to generate human monoclonal antibodies that are cross-reactive to enzyme 

neuraminidase and hemagglutinin of H5N1 and pandemic H1N1 2009 in order to 
investigate further the human response to influenza vaccination 

 
Secondary objectives are to describe the adverse event profile of 2 doses of influenza vaccine 
given approximately 8 weeks apart in healthy adult volunteers. 
 
 
VI. METHODS 
 

VI.1. Study Endpoints 
The primary study endpoints will be determination of pre and post vaccination immune 
responses in 26 healthy human subjects to 2 doses of seasonal influenza vaccine including 
whether there is in vitro cross-reactivity against H5N1 virus as follows: 
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1. Antibodies ELISA titers calculated as the dilution factor required to give an optical density of 
0.5. 
 

2. Hemagglutination inhibition activity defined as the titer required to completely inhibit 
hemagglutination);  
 

3. Microneutralization assay endpoint titer; determined by using 50% specific signal calculation. 
The endpoint titer will be expressed as the reciprocal of the highest dilution of serum with 
A490 value less than X, where X = [(average A490 of VC wells) – (average A490 of CC 
wells)] / 2 + (average A490 of CC wells). 
  

4. Neuraminidase inhibition assay titer defined as the highest sample dilution that produces 50% 
inhibition of virus control. 

 
5. Plaque reduction assay titer assessed as the highest sample dilution that will give a reduction of 

plaque count of 50%. 
 

6. H5 pseudotyped lentiviral particle-based serological assay titer assessed as the highest sample 
dilution that produces 50% inhibition of virus control. 
 

7. Influenza specific T-cell cytokine production by influenza-specific T-cells defined as the the 
percentage of cytokine-staining cells at least twice background. 

 
8. Antibody staining against matrix 2 protein (M2e) expressed cell line. The samples considered 

positive are those in which the staining intensity is at least twice that for the background. 
 
9. Human monoclonal antibody production from peripheral blood memory B cells isolated from 

selected subjects  
 

 
VI.2. Study Design 
This will be a randomized, open-label, pilot feasibility study of four 2-dose vaccine regimens 
using two commercially available seasonal influenza vaccines. The in vivo phase of the study 
will entail randomization of up to 26 adult volunteers to receive: either 2 doses of LAIV (5 
subjects) (Autologous prime boost regimen 1), 2 doses of IIV (5 subjects) (Autologous prime 
boost regimen 2), one dose of LAIV followed by one dose of IIV (8 subjects) (Heterologous 
prime boost regimen 1) or one dose of IIV followed by one dose of LAIV (8 subjects) 
(Heterologous prime boost regimen 2) (Appendix 2). AE data will be collected into a symptom 
diary for 14 days following each dose of vaccine. Serum and local (nasal) immunological 
responses will be evaluated 2 and 4 weeks after each dose. A further 8 subjects will be 
recruited to act as replacements in case of drop-outs. 
 

 
VI.3. Study Site 
The in vivo phase of the study will take place at the U.S. Embassy Medical Unit, Bangkok, 
Thailand. In selected cases individuals may elect to have scheduled follow-up visits (which do 
not involve vaccination) performed at AFRIMS. Immunology testing will be done at the 
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Department of Immunology and Medicine, AFRIMS and the Faculty of Medicine, Siriraj 
Hospital, Bangkok. 
 
VI.4. Population 
Subjects will be healthy U.S. citizens residing in Bangkok who fulfill the inclusion criteria 
(Section VII.1) and do not meet any exclusion criteria (Section VII.2). FluMist® vaccine is not 
yet licensed for use in Thailand; hence Thai subjects will not be recruited into this study. 
 
VI.5. Recruitment 
Potential subjects will be recruited by the use of flyers posted in several locations around 
Bangkok where US citizens are known to frequent, for example at the US Embassy. Interested 
individuals will be invited to telephone a study number where they will be able to ask 
questions informally. Any potential subjects still interested in enrolling will be requested to 
attend a presentation informing them about the vaccines, entry criteria, study procedures and 
possible risks of participating. After the presentation there will be the opportunity to ask 
questions. Those still wishing to participate will undergo informed consent and then proceed to 
screening. 
 
VI.6. Randomization 
For the in vivo portion of the study subjects will be assigned unique identification codes 
(FLU09 followed by a 3-digit number) in order of inclusion and randomized to 1 of 4 groups: 
separated by 8 weeks +7 days (2 groups of 8 and 2 groups of 5). Vaccine allocations will be 
put into consecutively numbered sealed envelopes prior to study commencement. The box 
containing the envelopes will be kept in a locked cabinet. Once a decision has been taken to 
enroll a patient, a member of the study team will request the next consecutive randomization 
number and vaccine allocation. The envelope will be appropriately documented and then 
opened. Subjects and clinical staff will be aware of study allocation. However all immunology 
staff not involved in the clinical phase of the study will not know the allocations. 
 
VI.7. Vaccine Regimens 
Subjects will be randomized to receive one of the following 4 regimens. For each regimen the 
two doses of vaccines will be separated by 8 weeks (+ 7 days) (Appendix 2). 
 

Arm 1: FluMist® live intranasal vaccine (LAIV) 0.2mL (0.1mL per nostril): 2 doses 
separated by 8 weeks (+7 days) 

 
Arm 2: Fluzone® influenza virus vaccine (IIV) 0.5mL intramuscularly: 2 doses separated 

by 8 weeks (+7 days) 
 
Arm 3: FluMist® live intranasal vaccine 0.2mL (0.1mL per nostril) single dose, then 

Fluzone® influenza virus vaccine 0.5mL intramuscularly single dose 8 weeks (+7 
days) later (LAIV then IIV). 

 
Arm 4: Fluzone® influenza virus vaccine 0.5mL intramuscularly single dose, then 

FluMist® live intranasal vaccine 0.2 mL(1mL per nostril)single dose 8 weeks (+ 7 
days)  later (IIV then LAIV). 
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VI.8. Packaging, Labeling and Storage of Vaccines 
 

VI.8.1. Live, Attenuated Influenza Vaccine 
 

Chemical name:   N/A 
Generic name: FluMist® Influenza Virus Vaccine Live, Intranasal 
Trade name: FluMist® 
Dosage form: 0.2mL pre-filled, single-use nasal spray 
Strength: Each 0.2mL dose contains 106.5-7.5 FFU (fluorescent focus 

units) of live attenuated influenza virus reassortments of 
each of the 3 strains for the 2009/2010 season A/South 
Dakota/6/2007 (H1N1) (an A/Brisbane/59/2007-like), 
A/Uruguay/716/2007 (H3N2) (an A/Brisbane/10/2007-like), 
and B/Brisbane/60/2008. 

Manufacturer: MedImmune Vaccines Inc., Gaithersburg, MD 20878 
Source: Donated by MedImmune 
Storage: 2-8oC 

 
 VI.8.2. Inactivated Influenza Vaccine 
 

Chemical name:   N/A 
Generic name: Influenza Virus Vaccine  
Trade name: Fluzone® 
Dosage form: 0.5ml pre-filled syringe 
Strength: Each 0.5ml dose contains 45 micrograms of hemagglutanin 

in the recommended ratio of 15 micrograms each, 
representative of the following 3 prototype strains for the 
2009/2010 season: A/Brisbane/59/2007, IVR-148 (H1N1), 
A/Uruguay/716/2007, NYMC X-175C (an 
A/Brisbane/10/2007-like strain) (H3N2), and 
B/Brisbane/60/2008. 

Manufacturer: Sanofi Pasteur Inc., Swiftwater, PA 18370 
Source: Thailand purchase 
Storage: 2-8oC 

 
 
VI.9. Duration of Subject Participation 
This study will take up to 12 months from enrollment of the first subject to completion of the in 
vivo portion. Each subject will be followed up for approximately 12 weeks following entry into the 
study (screening, dosing, follow-up). The total study duration will be 5 years.  
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A subset of previously enrolled subjects may be invited to participate in an additional phase of the 
study, which will involve consent for use of stored sample and a possible single blood draw if 
extra sample is required. No follow-up will be required after the day of blood draw 
 
 
VI.10. Procedures 
 
VI.10.1. In vivo Procedures 

 
VI.10.1.1. Informed Consent Process 
Potential subjects will have the study explained in detail during a PowerPoint presentation. 
The informed consent process will take place before any other study procedures and a 
unique identification number will be assigned. After review the subject will be asked to 
sign the consent form. Two copies of the consent form should be completed (or the original 
photocopied) so that the subject can get a copy and the original copy will be kept for the 
study records. All volunteers will be recorded in a screening log (see Section XIV.2) and 
those who are subsequently enrolled will be noted with a subject number. 
 
VI.10.1.2. Pre-Study Screening 
The pre-study screening visit may be performed anytime within 30 days of planned dosing. 
The screening examination will consist of: 

• Demographic details. 
• Medical history to include medical and surgical history, vaccination history and 

smoking history.  
• Physical examination including vital signs (BP, HR, RR, temp), height and weight. 
• Blood draw for CBC and HIV test (3ml). 

 
The HIV testing will be done by Department of Retrovirology, AFRIMS as follows: 

 
Test Screening Test Confirmatory Test 

HIV-1 GS rLAV HIV-1 EIA 
(RET-GL-115) 

GS HIV-1 Western Blot 
(RET-GL-127) 

 
Pre- and post- HIV test counseling will be given and, if the subject wishes, referral to a 
specialist recommended by the US Embassy Medical Unit will be made for subjects 
testing positive. Subjects may choose not to be informed of their HIV test result and in 
such a case will simply be told that they do not fulfill all the criteria for enrollment. 
HIV testing may be waived in subjects who have had a negative HIV test result within 
2 months of screening. 

 
Subjects should fulfill inclusion criteria outlined in Section VII.1 and not have any of the 
exclusion criteria listed in Section VII.2  
 
VI.10.1.3. Scheduled Visits 
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Day 0: The subject will attend for the first dose of vaccine.  The study procedures will be 
reviewed and informed consent re-affirmed verbally. The continued good health of each 
subject will be confirmed by review of the subject’s medical and medication history, 
medical, surgical and social history, and a brief targeted examination including vital signs 
(BP, HR, RR and temp). A baseline venous blood sample will be collected (60ml for 
measurement of cells; 10ml for serum for immunology assay) and a nasal wash for baseline 
secretory antibody measurements performed. A urine pregnancy test will be performed on 
females of child-bearing age. If the screening test results (CBC and HIV test) are within 
normal limits and the subject is not pregnant, the subject will be assigned next available 
randomization number with details of the vaccine regimen contained within a sealed 
envelope with that randomization number written on it (see Section VI.6). 
 
The first dose of intranasal FluMist® or intramuscular Fluzone® will then be given and the 
exact time noted. Following dosing, the clinical staff will inspect the spray container or 
syringe to confirm that the full dose was delivered.  The subject will remain under 
observation from this time until 30 minutes later to ensure there are no early adverse 
events. They will then be allowed to return home. Subjects will keep a symptom diary for 
14 days following administration of the vaccine.  

 
Day 14 (-2 to +3 days): The subject will attend for symptom diary review and vital signs. 
70ml blood will be collected (60ml for measurement of cells and 10ml for serum for 
immunology assay from a venous sample. A nasal wash will be performed. 
 
Day 28 (-2 to +3 days): All subjects will attend for interim history, and vital signs review. 
10ml venous blood will be collected for serum for immunology assay. A nasal wash will be 
performed.  

 
Day 56 (-7 to +7 days): Subjects in all arms will undergo interim history, vitals signs, urine 
pregnancy test (for females of child-bearing age).10ml venous blood will be collected 
(10ml for serum for immunology assay). A nasal wash will be performed. Subjects will 
receive the second dose of either FluMist® or Fluzone® as determined at randomization on 
Day 0. As before, following dosing the clinical staff will inspect the spray container or 
syringe to confirm that the full dose was delivered.  The subject will remain under 
observation from this time until 30 minutes later to ensure there are no early adverse 
events. They will then be allowed to return home. Subjects will keep a symptom diary for 
14 days following administration of the vaccine.  
 
Day 70 (12 to 17 days from 2nd dose): Subjects will attend for symptom diary review and 
vital signs. 70ml blood will be collected (60ml for measurement of cells and 10ml for 
serum for immunology assay) from a venous sample. A nasal wash will be performed. 

 
Day 84 (26 to 31 days from 2nd dose): All subjects will attend for review, vital signs and 
brief physical exam. 10ml venous blood will be collected for serum for immunology assay. 
A nasal wash will be performed. This is the final study visit. 
 
A flow chart of scheduled visits is included in Appendix 3. 
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VI.10.1.4. Unscheduled Visits 
If the subject returns for an unscheduled visit he/she will be evaluated by a study nurse or 
study physician. This should include history including symptom diary review if 
appropriate, VS and physical exam. Additional assessments such as laboratory tests will be 
performed as indicated clinically. A full record of the visit will be made in the study file. 

 
VI.10.1.5. Summary Table of Volunteer Assessments 

 
Procedure Day (Week) of Study 

Screening 0 14 
(2) 

28 
(4) 

56 
(8) 

70 
(10) 

84 
(12) 

Unscheduled 
Visit 

History x x^ x x x x x x 
Vital signs x x^ x x x x x x 
Physical exam x x^     x x 
CBC and HIV* (3ml) x        
Urine pregnancy test 
(females) 

 x^   x^    

Randomization  x^       
Blood draw: 
Immunology assay (10ml) 
Cells (60ml) 

  
x^  
x^ 

 
x  
x 

 
x x^ 

 
x 
x 

 
x 

 

Cumulative blood draw 
(ml) 

3 73 143 153 163 233 243  

Nasal wash  x^ x x x^ x x  
Influenza vaccination  x   x    
Symptom diary review   x   x  x 

 
^ = procedure to be done prior to vaccine administration; * HIV test can be waived if subject has had a negative 
HIV test within 2 months of screening 

 
VI.10.1.5. Additional Blood Draw 
Selected subjects who sign the informed consent Addendum may be asked to undergo one 
additional blood draw of up to 60ml. A study investigator will assess the subject, including 
vital signs measurement, prior to venepuncture to ensure that he/she is fit for the procedure. 
The subject will be observed for 30 minutes after blood draw and then discharged from the 
study. 

 
VI.10.2. Laboratory Procedures 

For serum separation, blood will be collected in SST (Serum Separation Tube with clot 
activator and gel). For peripheral blood mononuclear cells, blood will be collected in 
heparinized tube and cells will be separated by histoplaque using Leucosep tubes. Serum 
samples and peripheral blood mononuclear cells will be frozen in liquid nitrogen until use. 
Laboratory personnel conducting laboratory procedures described in sections VI.10.2.2 to 
VI.10.2.7 will not be involved in collecting blood, nor have any direct interaction with 
study participants.  Subject specimens will be collected by clinical research staff, de-
identified and sent to the AFRIMS Immunology laboratory or other contracted laboratories.   
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VI.10.2.1. Influenza viruses  
A variety of avian influenza viruses will be used, including H5N1 strains isolated from 
humans and wild birds and human influenza strains (H1N1 and H3N2). 
 
VI.10.2.2. Detection of influenza-specific IgA and IgG antibodies by ELISA  
ELISA plates will be coated with trivalent vaccine Fluzone, H5N1 influenza virus vaccine 
(Sanofi Pasteur Inc.), swine flu H1N1 2009 vaccine (Sanofi Pasteur Inc.), or recombinant 
influenza proteins overnight at 4oC and washed with PBS with 0.05% Tween 20. After 
blocking with 0.5% boiled casein in PBS with 0.1% Tween 20, serial dilutions of serum 
and nasal wash samples will be added to the plates and incubated for 2 h.  Plates will be 
washed and incubated for 1 hour with secondary indicator antibodies specific for human 
IgA or IgG. Plates will be washed and a specific substrate (ABTS) will be used to detect 
and quantify enzymatic activity through color development; absorbance will be read using 
a microplate spectrophotometer (405 nm). Antibody titers will be calculated as the dilution 
factor needed to give an optical density of .5. The assay will be conducted at Immunology 
BSL2 lab, AFRIMS.  

 
VI.10.2.3. Hemagglutination inhibition assay 
To detect antibodies that inhibit binding of influenza virus to cells, serum and nasal wash 
samples will be treated with receptor-destroying enzyme and subsequently heat-
inactivated{Louisirirotchanakul, 2007}. Serial dilutions will be preincubated with pre-
determined concentration of inactivated human influenza A, H1N1 (WHO Kit), H3N2 
(WHO Kit), swine flu H1N1 2009, and reassortant H5N1 virus in microtiter plates at room 
temperature for at least 15 min after which red blood cells (RBCs) from goose will be 
added. RBCs will be allowed to settle at room temperature until cells in the RBC control 
form a compact negative pattern. If an antigen/antibody reaction occurs, hemagglutination 
of the RBCs will be inhibited.  Inhibition will be graded as  “+” for inhibition of HA, “+” 
for partial inhibition, and “-”for no inhibition. The HI titer is the reciprocal of the last 
dilution of antiserum that completely inhibits hemagglutination. The HI assay for H1N1,  
H3N2 will be conducted at Immunology BSL2 Lab, AFRIMS and/or Mahidol University, 
whereas the HI assay for reassortant H5N1 will be conducted at BIOTEC. 

 
VI.10.2.4. Microneutralization assay  
To detect antibodies that inhibit infection of cells with influenza virus, microneutralization 
assays will be performed using Madin-Darby canine kidney (MDCK) cells.  Serum and 
nasal wash samples will be heat-inactivated  (30 min at 56oC) and serial dilutions will be 
pre-incubated with H5N1 virus or swine flu H1N1 2009 in 96 well plates. After 1-2 h 
incubation at 37oC in a 5% CO2, 100 µl of MDCK cells at 1.5 x 105 /ml will be added to 
each well and the plates will be incubated for 18 hours. MDCK monolayers will be washed 
with PBS and fixed in cold 80% acetone for 10 min. The presence of viral protein will be 
detected by ELISA with a monoclonal antibody to the influenza A NP. The second 
antibody conjugated with peroxidase will be added and incubated for another 1 h. Plates 
will be washed, and specific enzyme substrate will be added. The reaction will be stopped 
with 1 N sulfuric acid. The absorbance will be measured at 490 nm. The average A490 will 
be determined for quadruplicate wells of virus-infected (VC) and –uninfected (CC) control 
wells, and a neutralizing endpoint will be determined by using a 50% specific signal 
calculation. The endpoint titer will be expressed as the reciprocal of the highest dilution of 



   Department of Immunology and Medicine, USAMC-AFRIMS 
 

Seasonal Influenza Vaccine Study Version 6.0, 29 April 2011 
33 

serum with A490 value less than X, where X = [(average A490 of VC wells) - (average 
A490 of CC wells)]/2 + (average A490 of CC wells). Sera which tested negative at a 
dilution of 1/20 will be assigned a titer of 10. The assay will be performed in the BSL3 lab, 
Mahidol University. 
 
VI.10.2.5. Neuraminidase inhibition assay 
Serum and nasal wash samples will be assayed for neuraminidase-specific antibodies by a 
standard neuraminidase inhibition method {Lambre, 1990} by colorimetric analysis of 
sialic acid release from fetuin substrate. The assay will be conducted using reassortant 
H1N1 produced by reverse genetics at BIOTEC. Seven proteins (HA, PB1, PB2, PA, NP, 
NS, M) of this virus are from A/PR/8/34 (H1N1) and one protein neuraminidase is from 
A/Vietnam/DT-036/2005 (H5N1). ELISA plates will be coated with fetuin over night at 
40C. The plate will then washed with PBS + 0.5 % Tween 20 and stored at 40C. The 
reassortant H1N1 (pre-determined dose that will give  optical density of 2.0) will be mixed 
with serially diluted sera samples (1:1 ratio) for 5 min, added into fetuin coated wells 
(conducted in biological safety cabinet), and incubated at 37 0C for 1 h. Controls include 
virus diluted in PBS-BSA and PBS-BSA without virus. The plate will be washed 6 times in 
PBS + 0.5 % Tween 20.  100 µl pf peroxidase-labelled peanut agglutinin  (1:500) will be 
added and incubated for another 1 h. Plates will be washed 6 times and 100 µl of 
peroxidase substart (TMB) added to each well. The reaction will be stopped by adding 50µl 
of 0.3 M phosphoric acid. Plates will be read in a microplate reader at 450 nm. The 
antibody titer will be assessed as the highest sample dilution that will give optical density 
of 1.0 (half of the virus control).  Assessment of anti-N1 (seasonal H1N1, reassortant 
H1N1, and swine flu H1N1 2009) and anti-N2 (seasonal H3N2) antibody levels by 
neuraminidase inhibition assay will be performed in the BSL2 labs at BIOTEC and/or 
AFRIMS.  
 
Per AFRIMS policy, receipt of the reassortant virus at AFRIMS will require review by 
AFRIMS Biosafety Committee and AFRIMS Commander approval before reassortant virus 
can be received.   
 
VI.10.2.6. Plaque reduction assay 
Confluent monolayer of MDCK in 6 or 12 plates will be infected with reassoratant H5N1 
or swine flu H1N1 2009 for 1 h. After infection, virus solution will be washed out with 
PBS and then overlaid with 0.4% agarose containing media, 5%FBS, trypsin and serial 
diluted sera or nasal washed samples. The plates will be incubated for 3 day and then will 
be fixed in 10% formalin in PBS and then stained with 0.8 % crystal violet in 50% ethanol. 
The plaques will be counted. The antibody titer will be assessed as the highest sample 
dilution that will give a reduction of plaque count of 50%. The assay will be conducted at 
Mahidol University and/or BIOTEC. 
 
VI.10.2.7. Influenza A (H5) pseudotyped lentiviral particle (H5pp)-based serological 
assay  
Two-fold serial dilutions of heat inactivated serum will be mixed with an equal volume of 
H5pp in culture medium corresponding to the dose that will generate 105 RLU, incubated 
for 2 hours at 37oC and then added to a preformed monolayer of MDCK {Garcia, 2010}. 
After 48 h incubation, luminescence will be read after addition of luciferase substrate. The 
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neutralization of infection will be detected by measuring the reduction of end-point signal 
versus control which has no serum on virus. This assay can be conducted in BSL2 lab. 
 
VI.10.2.8. Cytokine production by influenza-specific T-cells 
T cell responses will be assessed by intracellular cytokine staining (ICS). Peripheral blood 
mononuclear cells (PBMC) will be isolated from blood using density gradient 
centrifugation as described {Thitithanyanont, 2007}. PBMC (106 cells) in 200ul will be 
cultured in 96 wells plates with stimulatory antigens (peptide pool or viral proteins from 
H5N1 virus, human seasonal influenza virus, or swine flu H1N1 2009). All peptide-or 
protein-stimulated PBMC cultures will contain 1 ug/ml of anti-CD28 and 1 ug/ml of anti-
CD49. Staphylococcal enterotoxin B and media control will be used as positive and 
negative controls, respectively. After the initial 2 h of stimulation, Golgiplug will be added 
to inhibit cytokine secretion. After 18-20 h of incubation, cells will be washed and stained 
for CD4 and CD8. The stained cells will be washed and treated with 
fixation/permeabilization solution and then stain with antibodies against IFN-g and IL-2. 
Isotype-match control antibody will be used to confirm the staining specificity. The stained 
cells will be analyzed by 4-color FACS. Approximately 200,000 to 400,000 events in the 
lymphocyte gate will be acquired. The samples considered positive will be those in which 
the percentage of cytokine-staining cells is at least twice that for the background or in 
which there is a distinct population of brightly cytokine-positive cells. The CD4 T cell 
population will be analyzed by excluding CD8 T cells, and vice versa for analysis of the 
CD8 T cell population. The ICS assay will be conducted at Immunology BSL2 lab, 
AFRIMS. 
 
VI.10.2.9. Antibody staining against matrix 2 protein (M2e) expressed cell line 
HEK 293 stably expressing M2e on the cell surface will be stained with a 1: 10 dilution of 
sera samples and then detected by florescent dye conjugated anti-human antibodies. 
Stained cells will be analyzed by flow cytometry. 
 
VI.10.2.10. Monoclonal antibody production 
Peripheral blood memory B cells from selected subjects will be isolated using a 
fluorescence-activated cell sorter in a BSL2 laboratory. These isolated B cells will be 
immortalized with EBV in the presence of TLR 9 ligand CpG ODN. The resulting 
antibodies produced by the immortalized B cells will be screened for neutralizing 
antibodies against neuraminidase and hemagglutinin of H5N1 and pandemic H1N1 2009. 
Positive cultures will then be cloned by limiting dilution. 
           
 

VI.11. Stopping Rules 
There will be no interim analysis and therefore no stopping rules for this study.  
 
VI.12. Accountability Procedures 
The Drug Accountability Form will be updated each time a subject receives a dose of vaccine. The 
form will record the following information for each dose of vaccine: name of vaccine, date 
administered, subject number and randomization code, number of doses of vaccine at start of 
study, number of doses of vaccine remaining, signature. 
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VI.13. Maintenance of Randomization Codes and Procedures for Breaking Codes 
This is an open-label study. However all samples for analysis will be coded and assays completed 
with laboratory technicians blinded as to the randomization sequence. Therefore it is not 
anticipated that the randomization code will need to be broken until the end of the study for 
analysis purposes.   

 
VII. SELECTION AND WITHDRAWAL OF SUBJECTS 

VII.1. Subject Inclusion Criteria 
1. Aged 18-49 years. 
2. Healthy as determined by the PI or designate 
3. Willing to give informed consent.  
4. Willing to attend follow-up appointments and undergo study procedures. 
5. US passport holder residing in Bangkok 
6. If military, have a letter of approval for participation from the chain of command 

(Unit Commander).  
 

VII.2. Subject Exclusion Criteria 
1. History of hypersensitivity to eggs, egg proteins, gentamicin, gelatin or arginine. 
2. Severe or life-threatening reaction to any previous vaccine. 
3. History of chronic respiratory illness, including asthma and sinusitis that in the opinion 
of the investigator warrants exclusion. 
4. History of heart disease that in the opinion of the investigator warrants exclusion 
5. History of kidney disease that in the opinion of the investigator warrants exclusion 
6. Metabolic disease such as diabetes 
7. Immunocompromised as determined by the PI, or a household contact of an 
immunocompromised individual. 
8. History of Guillain-Barre syndrome. 
9. Blood disease including sickle cell disease and/or bleeding tendency (by history or 
based on medical records). 
10. Any influenza vaccination within 6 months prior to enrollment, or any other vaccine 
within 30 days of either dose of influenza vaccine. 
11. Pregnant woman or nursing mother or unwilling to use reliable contraception during the 
study period until the final day of follow-up. 
12. Blood donation within the preceding 3 months, or screening hemoglobin value of <12.5 
g/dl. (males) or <11.6 g/dL (females). 
13. Receipt of blood products including immunoglobulins within the preceding 3 months. 
14. Receiving any of the following therapies: aspirin, warfarin, theophylline, phenytoin, 
aminopyrine, immunosuppressive drugs,  
15. Receipt of any antiviral agents within 48 hours of vaccine administration. 
16. HIV positive on screening blood tests. 
17. Any other condition that in the opinion of the study investigator warrants exclusion 
from the study. 

 
VII.3. Subject Withdrawal Criteria 
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VII.3.1. Conditions for Subject Withdrawal 

The study investigator will make every reasonable effort to have subjects complete 
the study as designed.  If a subject wishes to leave the study at any time, he/she will 
be permitted to do so.  Every reasonable effort will be made by PI or investigator to 
complete the final clinical assessment.  A subject may be withdrawn from the study 
in any of the following circumstances: 
• Serious or severe adverse events attributable or possibly attributable to 

FluMist® Fluzone®. 
• Major violation of the protocol 
• Withdrawal of consent 
• At the determination of the investigator if he/she feels it is in the subject’s 

best interest 
• Termination of the study by the sponsor 

 

VII.3.2. Data to be Collected from Withdrawn Subjects  

If a subject withdraws for non-medical reasons the following procedures will be 
adopted wherever possible: 
• The medical risks of withdrawing from the study will be explained to the 

subject 
• A physical examination will be performed 
• The subject will be referred to the medical monitor for evaluation of medical 

needs if deemed appropriate by the investigator. 
• The subject will be asked whether he/she still consents to samples and data to be 

used for analysis. If consent is not withdrawn then samples and data may still be 
used. 

 

VII.3.3. Follow-up of Withdrawn Subjects  
Withdrawn subjects will continue to be followed up if medically indicated. 

 
VII.3.4. Replacement of Withdrawn Subjects 

Withdrawn subjects may be replaced at the discretion of the PI and study team. 
 

VIII. CONCOMITENT MEDICATIONS 
Any medication the subject takes during the study period is considered concomitant medication. 
All concomitant medications will be documented.  The use of any other investigational drug or 
vaccine is prohibited. During the study, concomitant medications, particularly anti-viral drugs are 
to be avoided as much as is possible without compromising the subject’s condition.  If, in the 
opinion of the investigator, systemic anti-viral medication is required within 2 weeks of 
vaccination with FluMist®, the volunteer will be removed from continuation in the study protocol.  
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IX. ASSESSMENT OF IMMUNE RESPONSE 

IX.1. Immune Response Parameters 
The following parameters will be used to assess immune responses: 
- IgA and IgG antibodies in serum and in nasal wash fluid that  

• react with a variety of H5N1 strains (from birds and from humans), human influenza 
virus, and recombinant viral proteins (including conserved proteins) 

• inhibit neuraminidase activity of a variety of H5N1 strains and human influenza 
viruses 

• block infection of cells by a variety of H5N1 strains and human influenza viruses 
- T-cell responses that react to protein and/or peptides derived from a variety influenza viruses, 

including H5N1 strains  
 

IX.2. Methods for Assessing the Immune Response 
Serum and nasal washes will be collected for quantification of H5N1 and human influenza -
specific antibodies, by ELISA, hemagglutination inhibition, microneutralization, and 
neuraminidase inhibition assay. Blood will be collected for isolation of peripheral blood 
mononuclear cells (PBMC) to determine human influenza- and H5N1-specific T-cell 
responses. Laboratory procedures are described in Section VI.10.2   

 
 

X. BIOSURETY CONSIDERATIONS 
 
All assays will be conducted at laboratories in Bangkok. Institutional regulations (AFRIMS, 
Mahidol University, BIOTEC) regarding laboratory safety that are applicable at the time of study 
execution will be adhered to. Details of which laboratories will be used for individual 
immunological assays are given in Section VI.10 Laboratory Procedures.  
 
 
XI. SAFETY 

XI.1. Adverse Events 
An adverse event (AE) is defined as any reaction, side effect, or untoward event that occurs 
during the course of the clinical trial, whether or not it was expected or clinically significant, 
related or unrelated to vaccination. For this study, AEs will include events reported by the 
subject, as well as clinically significant abnormal findings on physical examination or 
laboratory evaluation.  A new illness, symptom, sign or clinically significant clinical laboratory 
abnormality or worsening of a pre-existing condition or abnormality is considered an AE.  
Stable chronic conditions, such as arthritis, which are present prior to clinical trial entry and do 
not worsen are not considered AEs.   

 
All AEs occurring during the course of the clinical trial, defined as from the moment of first 
phlebotomy until study completion, will be collected, documented, and graded by the PI or 
other investigators. Symptoms present at enrollment will not be classed as AEs, but any new 
symptoms or signs occurring after this time would constitute adverse events. Specifically 
vaccine-emergent adverse events occurring during the first 14 days after vaccination will be 
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collected using a symptom diary. In addition the CRC or designate will maintain telephone 
contact with the subjects during the 14 days after each vaccination. 

 
XI.2. Serious Adverse Events 
The International Conference on Harmonization (ICH) Guideline for Industry: Clinical Safety 
Data Management: Definitions and Standards for Expedited Reporting, ICH-E2A March 1995 
defines serious adverse event (SAE) or reaction as any untoward medical occurrence that: 
• results in death; 
• is life-threatening;  (NOTE: The term "life-threatening" in the definition of "serious" refers 

to an event in which the patient was at risk of death at the time of the event; it does not 
refer to an event which hypothetically might have caused death if it were more severe.) 

• requires inpatient hospitalization or prolongation of existing hospitalization; 
• results in persistent or significant disability/incapacity; or 
• is a congenital anomaly/birth defect. 
• is an important medical event that, while none of the above, jeopardizes the subject and 

may require medical or surgical intervention to prevent one of the outcomes listed above. 
Examples include allergic bronchospasm requiring intensive treatment in an emergency 
room or at home, blood dyscrasias or convulsions that do not result in hospitalization, or 
the development of drug dependency or drug abuse. 

An unexpected or unanticipated event involving risks to subjects or others is one that is not 
described as a risk with respect to nature, severity, or frequency in the protocol and/or 
informed consent form.  

 
XI.3. Detection of AEs and SAEs 
At each visit/assessment, the investigator or research nurse will evaluate AEs. AEs should be 
solicited until the final study assessment, with particular emphasis on those occurring in the 
first 14 days after each vaccination. A symptom diary will be given to each participant to 
complete for 14 days following each dose administration. This will form the basis for AE 
detection. AEs not previously documented in the study will be recorded in the AE report 
forms. The nature of each experience, date and time (where appropriate) of onset, outcome, 
course (i.e. intermittent or constant), maximum intensity, action taken with respect to the study 
and relationship to any study vaccine should be established.  

 
When an AE or SAE occurs, it is the responsibility of the study investigator to review all 
documentation relative to the event.  The investigator will then record all relevant information 
regarding an AE/SAE on the Adverse Event form.  However, there may be instances when 
copies of medical records for certain cases are appropriate.  In this instance, all subject 
identifiers will be blinded on the copies of the medical records prior to including the 
information in the medical record. 

 
XI.4. Evaluation of AEs  
The study investigator will attempt to establish a diagnosis of the event based on signs, 
symptoms, and/or other clinical information.  In such cases, the diagnosis should be 
documented as the AE/SAE and not the individual signs/symptoms. Each adverse event must 
also be described by its duration (start date, time and duration), an assessment of its cause 
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(vaccine, coexisting disease, concomitant medication, or others), its relationship to vaccine 
(not related, unlikely, possibly, probably, definitely), and whether it required specific therapy. 

 
The investigator will also make an assessment of severity for each AE reported during the 
study: 

• Mild: Self-limiting or minor symptoms that do not affect activities of daily living and 
do not require treatment. 

• Moderate: Symptoms that require treatment in order to carry out activities of daily 
living. 

• Severe: Symptoms preventing activities of daily living and requiring out-patient 
treatment. 

 
The assessment will be based on the investigator’s clinical judgment. An AE that is assessed as 
severe should not be confused with a serious adverse event (SAE).   

 
XI.5. Follow up of AEs and SAEs 
All AEs regardless of severity will be followed by study investigators until satisfactory 
resolution. The investigator will ensure that follow-up includes any supplemental 
investigations as may be indicated to elucidate the nature and/or causality of the AE or SAE.  
This may include additional laboratory tests or investigations, histopathological examinations, 
or consultation with other health care professionals.   

 
If a study subject withdraws from the study or if an investigator decides to discontinue the 
subject from the study because of a SAE, the subject must have appropriate follow-up medical 
monitoring. Monitoring will continue in order to determine whether the problem prompting 
hospitalization has resolved or stabilized with no further change expected, or is discovered to 
be clearly unrelated to study drug, or progresses to death. The Investigator/clinical staff will 
report the follow-up for serious adverse events as noted above. 

 
XI.6. Post-study AEs and SAEs 
A post-study AE/SAE is defined as any event that occurs outside of the AE/SAE detection 
period (ie. after the final Day 84 assessment). Investigators are not obligated to actively seek 
AEs or SAEs in former study participants.  However, if the investigator learns of any SAE, 
including a death, at any time after a subject has been discharged from the study, and he/she 
considers the event reasonably related to the study, the investigator will promptly notify any 
IRB. 

 
 

XI.7. Reporting of SAEs and Unanticipated Problems  
All serious adverse events will be recorded on the appropriate serious adverse event case report 
form, followed through resolution by a study physician, and reviewed by a study physician. 
All unanticipated problems involving risk to subjects or others, serious adverse events related 
to participation in the study and subject deaths related to participation in the study should be 
promptly reported by phone, fax, or email to the following: 
 

Division of Human Subjects Protection (DHSP) 
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Walter Reed Army Institute of Research (WRAIR) 
(301) 319-9940 (Tel) 
(301) 319 -9163 (Fax) 
WRAIRDHSP@amedd.army.mil  
 

A complete written report will follow the initial notification.  In addition to the methods above, 
the complete report will be sent to the Walter Reed Army Institute of Research Division of 
Human Subjects Protection, 503 Robert Grant Avenue, Silver Spring, MD 20910 and to the 
U.S. Army Medical Research and Materiel Command, ATTN: MCMR-ZB-PH, 504 Scott 
Street, Fort Detrick, Maryland 21702-5012.  

 
The medical monitor is required to review all unanticipated problems involving risk to subjects 
or others, serious adverse events and all subject deaths associated with the protocol and provide 
an unbiased written report of the event.  At a minimum, the medical monitor must comment on 
the outcomes of the event or problem and in case of a serious adverse event or death, comment 
on the relationship to participation in the study.  The medical monitor must also indicate 
whether he/she concurs with the details of the report provided by the PI.  Reports for events 
determined by either the investigator or medical monitor to be possibly or definitely related to 
participation and reports of events resulting in death must be promptly forwarded to the WRAIR 
IRB. The WRAIR DHSP will in turn be responsible for reporting to USAMRMC ORP HRPO 
as stipulated in SOP No. UWZ-C-636 (17 November 2008). 

 
XI.8. Monitoring 
A Medical Monitor will be appointed for the study. The Medical Monitor will be a qualified 
physician, who is not associated with the protocol, who is able to provide medical care to 
research subjects for conditions that may arise during the conduct of the study, and who is able 
to monitor subjects during the conduct of the study.  The Medical Monitor should perform 
visits approximately every 4 weeks until close of study. As mentioned in Section X.7 the 
Medical Monitor must review all unanticipated problems, SAEs and deaths associated with the 
protocol.  
 
In addition there will be an in-house study monitor assigned to this study to ensure compliance 
with GCP/ICH standards. Monitoring will consist of a pre-study site visit, regular monitoring 
visits and a post-study visit. 

 
 

 

 

 

XII. STATISTICAL METHODS 
 

XII.1. Sample Size and Power 

This is a descriptive study designed to detect trends in safety and immune responses that 
would warrant expanded investigations of potentially promising combinations {Lancaster, 
2004} {Browne, 1995}. The sample size of 8 subjects in arms 3 and 4 and 5 in arms 1 and 
2 is in the range of what is considered adequate for phase I trails and is not based on 
sample size and power calculations{Stephenson, 2005}{Lin, 2006}{Nicholson, 2001}. 
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Recruitment of subjects is likely to be affected by the limited number of US citizens 
resident in Bangkok who fulfill the eligibility criteria. Hence there will be no stratification 
of enrolment based on gender; this and other possible confounders (such as prior receipt of 
influenza vaccines) can be addressed in future large-scale trials. 
 
XII.2. Study Outcome Analysis 
Primary Analysis 
Immunological data and other continuous variables will be expressed as geometric means 
and standard deviations if the data are normally distributed, and the vaccine groups 
compared using parametric tests. If not normally distributed they will be expressed as 
medians and the range and interquartile range given; comparison between groups will then 
be by non-parametric tests.  
 
Secondary Analyses 
In vivo (AE) data will be analyzed as follows: categorical data will be presented using 
counts and percentages, whilst continuous variables will be presented using the mean, 
(standard deviation) or median (range and interquartile range), and number of subjects.  
Percentages will be rounded to a maximum of one decimal place.  All statistical tests will 
be performed using a 5% significance level, leading to 95% confidence intervals. 
Differences in incidence of reported AEs between doses and vaccines will be determined. 
Statistical analyses will be carried out in-house using Stata 10.0 (College Station, Texas). 
 

 
XIII. ETHICAL CONSIDERATIONS 
 

XIII.1. Study Approval 
Scientific approval for this study will be obtained from the Scientific Review Committee at 
AFRIMS. Ethical approval will be sought from the WRAIR IRB (FWA 00000015) and the 
USAMRMC ORP HRPO. This study will be governed by ICH GCP guidelines. 

 
XIII.2. Risks and Benefits of Participating 
 

Benefits 
The study will benefit participating subjects in that they will receive a currently licensed 
influenza vaccine of proven efficacy. IIVs such as Fluzone have a vaccine efficacy of 70-
90% in healthy adults if the vaccine strains are well matched to the circulating influenza 
strains (Fiore 2007). If the strains are not well matched then efficacy will be lower. In 
healthy adults there is a theoretical benefit of enhanced protection against vaccine strains 
following the second dose though (unlike children) this has not been rigorously evaluated 
in clinical trials. 
 

Risks 
The main risks to individual subjects are as follows: 

• Phlebotomy. Discomfort and pain at venipuncture sites are possible. Subjects will 
be counseled to return to the clinic if local infection is suspected.  
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• HIV testing. A positive HIV test result may cause emotional distress. Pre- and post-
test counseling will be given and referral to a specialist recommended by the US 
Embassy Medical Unit made if the subject wishes. Subjects may choose not to be 
informed of their HIV test result and in such a case will simply be told that they do 
not fulfill all the criteria for enrollment. 

• Nasal wash. Mild nasal and/or sinus discomfort is possible during the procedure but 
should resolve as soon as the procedure is finished. 

• Allergic reaction to FluMist® or Fluzone®. A history of prior sensitivity to any of 
the components of the study vaccines will have been sought at pre-study screening 
and those subjects excluded. From FluMist® post-licensure reports the rate of 
allergic reaction following single-dose administration is very low (2 per million 
doses). For Fluzone® the risk of allergic reaction is described in the package insert 
as rare and when it occurs it is presumably related to residual egg proteins or to 
antibiotics used in the manufacturing process. Following 2 doses of either vaccine it 
is possible there may be a greater chance of allergic reaction but the exact risk is 
unknown. 

• Mild respiratory symptoms. These are known to occur more frequently in the 10 
days after vaccination in FluMist® recipients (first dose only) than following 
placebo (approximately 15% more common). Vaccination with IIV is not 
associated with occurrence of respiratory symptoms. 

• Local reactions. Recipients of Fluzone® may experience soreness at the vaccination 
site (affects 10-64% of subjects) which can persist for 1-2 days. After a second dose 
of IIV one study in children aged 5-8 years found more subjects experienced 
soreness after the 2nd dose given 4 weeks later than after the 1st dose (71 and 55% 
respectively). This has not been noted in other studies of dual dosing in children or 
in adults with chronic medical conditions. 

• Secondary transmission of FluMist® vaccine virus to a close contact (less than 1%). 
Because of acquired immunity to the vaccine viruses recipients of the 2-dose 
regimen should not be at any increased risk of secondary transmission following the 
2nd dose. 

• Neurological risks. There are no known neurological risks with FluMist® 
vaccination. With IIV vaccination neurological events have been reported rarely. 
The most important is Guillain-Barre syndrome (risk just over 1 additional case per 
1 million vaccinated with single dose). Other rare but reported neurological events 
have been associated temporally with IIV, including encephalopathy, optic neuritis, 
partial facial paralysis and brachial plexus neuropathy. These are almost always 
self-limiting. 

These risks will be discussed at the time of study enrollment and in the informed consent 
document. 

 
XIII.3. Blood Draws 
The total volume of blood drawn in this study will be approximately 243 ml over 12 weeks. 
This is much lower than the generally accepted maximum amount of 550 ml over a 3-
month period. The maximum draw on any day will be on Days 0, 14 and 70 when 70ml 
will be drawn. The minimum period between blood draws is 14 days.  
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An additional 60ml may be requested from selected subjects after the original follow-up 
period has been completed, and at least 12 months after completion of the subjects’ original 
study activities. 
 
XIII.4. Sample Storage and Donation for Future Use 
During the trial specimens will be stored in a safe place at the study site. They will be 
regularly transferred to AFRIMS where they may be stored for up to 20 years. No one will 
have access to the specimens without the explicit permission of the PIs. Samples that are 
unstable may be disposed of after consultation with the Sponsor. After the study is 
completed residual specimens will be retained and only used for purposes mentioned in the 
consent form. Specimens that are sent to other labs in Bangkok (as listed in Section 
VI.10.2) for analysis will be returned to AFRIMS for storage, as detailed above, once the 
analysis is complete. 

 
 
XIV. DATA HANDLING AND RECORD KEEPING 

XIV.1. Recording of Data 
Subject clinical data will be recorded by the investigator or study nurse using the paper 
CRFs and entered into an electronic database.  Laboratory data will be recorded 
electronically in the Department of Immunology and uploaded to the study electronic 
database. All data will be retained according to ICH guidelines.  After 5 years the Sponsor 
will be consulted regarding its disposition or continued storage of raw data.   
 
XIV.2. Confidentiality and Access to Data 
All data and medical information obtained about screened study volunteers will be 
considered privileged and held in confidence. Individual subjects will not be identified on 
any laboratory samples, CRFs or in any presentation of study results. Instead, subjects 
enrolling in the study will be issued a unique identification code, which will be used on all 
study files and clinical sample labels. The key to the code and documents containing 
personal information, including the screening log, will be kept in a locked cabinet at the US 
Embassy Clinic during study execution only or at AFRIMS with access restricted to named 
study personnel (PI, CRC and clinical investigators). All personal study subject data 
collected and processed for the purposes of this study should be managed by the 
investigators and his/her staff with adequate precautions to ensure the confidentiality of 
those data, and in accordance with applicable national and/or local laws and regulations on 
personal data protection.  
 
Monitors, auditors and other authorized agents, the United States Army Medical Research 
and Materiel Command, and the ethics committees approving this research will be granted 
direct access to the study subjects’ original medical records for verification of clinical trial 
procedures and/or data, without violating the confidentiality of the subjects, to the extent 
permitted by the law and regulations. In any presentations of the results of this study at 
meetings or in publications, the subjects’ identity will remain confidential. 
 
Subject names will also be added to the Volunteer Registry Database as required by the US 
Army Medical Research and Materiel Command (USAMRMC) whenever human 
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volunteers are used in research studies. This database is maintained only for patient safety 
and will be kept in a secure location at Fort Detrick. The information to be entered into this 
confidential database includes name, address, social security number, study name, and 
dates. The information will be stored for a minimum of 75 years. 

 
 
XV. QUALITY CONTROL AND QUALITY ASSURANCE 
 
AFRIMS has approved SOPs/SSPs that govern QC/QA that will be followed during the course of 
this protocol. 
 
 
XVI. COMPENSATION 
 
Compensation will be provided throughout the study, and subjects will receive partial 
compensation if they leave the study before completion.  25% of compensation for scheduled visits 
will be paid at the final visit to encourage participants not to drop out from the study early. The 
estimated compensation for completion of the trial will be approximately $300; $30 for screening, 
$45 per study-related visit, and $15 per unscheduled visit. This compensation takes into 
consideration lost earnings, food, traveling expenses to and from the study site and discomfort 
from phlebotomy.  Volunteers who are Active Duty military will receive compensation in line with 
current guidelines (24USC30), but should not exceed compensation paid to non-military 
volunteers. 
  

Emergency Medical Care:  If a subject needs emergency medical care while at the research 
site, he/she is entitled to receive such care at the research site and/or elsewhere if 
necessary.  If the injury or illness requiring emergency care was caused by the research, 
any medical care provided by AFRIMS will be at no cost.  If the injury or illness was not 
caused by the research, the subject or his/her insurance may be billed by AFRIMS for such 
care.  Medical care provided by the US Embassy Medical Unit will be at no cost if the 
subject is a DoD or State Department employee.  If not a DoD or State Department 
employee, the subject or his/her insurance may be billed for medical care provided by the 
US Embassy Medical Unit. 
 
Non-Emergency Care: Any subject who believes he/she has an injury or illness caused by 
the research should inform the Principal Investigator, Dr. Delia Bethell. 
 
If the subject is an eligible DoD or State Department employee, he/she may receive 
medical care at the US Embassy Medical Unit free of charge.  The Army will not pay for 
transportation to and from the clinic.  If appropriate medical care is not available at the US 
Embassy Medical Unit, or the subject is not eligible for care at the US Embassy Medical 
Unit, he/she will need to seek medical care elsewhere in Bangkok.  The subject or his/her 
insurance company will be responsible for cost of this medical care.  The insurance 
company may not cover some or all expenses for research-related injury, so potential 
subjects will be advised to check with their insurance companies to determine coverage.   
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Out of pocket expenses:  If out of pocket for medical care are paid for injuries caused by 
this research study, the subject may contact the Principal Investigator to request 
reimbursement.  Reimbursement cannot be guaranteed, however.  The Principal 
Investigator will coordinate with the US Army Medical Research and Materiel Command 
(USAMRMC) Office of the Staff Judge Advocate (legal office), in Fort Detrick, Frederick, 
Maryland, at (301) 619-7663/2221 to process a request for reimbursement.  Subjects may 
also contact the legal office directly. 

 
 
XVII. FINANCING AND INSURANCE 
An application for funding for this trial has been submitted to the MedImmune Investigator 
Initiated Research Program.  
 
 
XVIII. ROLES AND RESPONSIBILITIES 
 
Dr. Delia Bethell, Principal Investigator: protocol and consent form design, execution and 
supervision of all clinical work. Responsible for all in vivo aspects of the study to include: 
supervision and monitoring of research staff, protocol compliance and QA/QC plan execution, and 
completion of AE documentation, clinical aspects of the study and the final study report and 
publication.  Reports SAEs to IRBs, RCQ and USAMMDA. Performs all duties in accordance 
with GCP Guidelines.  

 
Dr. David Saunders and Dr Stephen Thomas, Clinical Investigators: protocol and consent form 
design, execution and supervision of all clinical work. Responsible for all clinical aspects of study 
to include: supervision and monitoring of research staff, protocol compliance and QA/QC plan 
execution, and completion of AE documentation and the clinical sections of the final study report 
and publication.  Report SAEs to IRBs, RCQ and USAMMDA. Perform all duties in accordance 
with CITI Guidelines. 
 
Dr. Sathit Pichyangkul, and Dr Stuart Tyner, Laboratory Investigators: protocol design, 
supervision and monitoring of in vitro portion of study, in vitro portion of the final study report 
and publication. Perform all duties in accordance with CITI Guidelines. 
 
Dr. Mark Fukuda, Consultant: protocol and consent form design, writing of final study report. 
 
Ms. Nichapat Uthaimongkol, Clinical Research Coordinator (CRC): responsible for attending team 
meetings regarding in vivo portion of the research protocol; responsible for ensuring enrolled 
subjects meet eligibility criteria; ensuring informed consent documents have been signed and 
witnessed; responsible for protocol compliance, that all AEs have been documented and reported, 
that follow-up appointments are kept, reporting data trends to the PI, establishing practices to 
ensure the quality of the data, and ensuring conduct of trial follows GCP Guidelines. Responsible 
for supervising other study nursing staff, overseeing vaccine administration and blood draws and 
arranging volunteer follow-up schedules. 
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Mr. Kosol Yongvanitchit, Laboratory Coordinator: responsible for attending team meetings 
regarding research laboratory procedures; responsible for ensuring any in vitro procedure 
compliance with protocol, SOPs, and SSPs. He will not be aware of subject randomization. 
 
 
XIX.  CONDITIONS FOR MODIFYING OR TERMINATING THE PROTOCOL  
 
This study will be conducted in accordance with this protocol unless modified in writing. The 
protocol will not be modified or abandoned without consultation with the sponsor and notification 
of the principal investigators, subject to the terms outlined below. 
 

• Protocol Amendment: A written description of a change(s) to or formal clarification of a 
protocol.  This includes the addition of investigators. 

 
• Protocol violations occur when: there is non-adherence to the protocol that results in a 

significant added risk to the study subject; or, the study subject or investigator has failed to 
adhere to significant protocol requirements; however, the study subject is enrolled and/or 
continuing in the study without prior sponsor approval; or there is non-adherence to GCP. 

 
• Protocol deviations occur when: there is non-adherence to study procedures or schedules, 

as specified by the protocol, which do not involve inclusion/exclusion or primary endpoint 
criteria. The significance of the deviation is based on the frequency of the deviation and/or 
impact on study objectives. Deviations include: events that are outside of the control of the 
investigator (e.g. study subject missed visit window) or study parameters that are not part 
of primary endpoint (e.g. respiratory rate) not performed at a visit.  

 
Protocol deviations will be reported to the WRAIR IRB as part of the annual report/continuing 
review report. Any violation or deviations to the protocol that may have an effect on the safety 
or rights of the subject or the integrity of the study must be reported to the WRAIR IRB as 
soon as the deviation/violation is identified. The DHSP will be responsible for reporting to 
USAMRMC ORP HRPO. 

 
Ethical Review of Amendments 

Major modifications to the research protocol and any modifications that could potentially 
increase risk to subjects must also be submitted to WRAIR IRB and USAMRMC ORP 
HRPO for approval prior to implementation.  Amendments that do not increase risk to 
subjects will be submitted to the DHSP for expedited review by WRAIR IRB.  Reporting 
of such amendments to the USAMRMC ORP HRPO will be submitted by the WRAIR 
DHSP with the continuing reivew report to HRPO for acceptance.  
 

Continuing Review and Protocol Changes 
Continuing review should occur during the study execution and also upon study 
completion. Continuing Review requires the submission of protocol and SOP changes to 
include: participant population, recruitment methods, research procedures, study 
instruments, study sites, major research personnel, and conflict of interest issues. These 
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changes should be approved by the IRBs prior to implementation. A copy of the continuing 
review report and the local IRB approval notification will be submitted to the WRAIR IRB.  
After the continuing review report is approved by the WRAIR IRB, the approved CRR will 
be submitted to the USAMRMC ORP HRPO.  The final study report and local IRB 
approval notification will be submitted to the WRAIR IRB.  In accordance with SOP No. 
UWZ-C-636 protocol lifecycle actions will be reported to the WRAIR IRB alone, and 
headquarters-level reporting will be the responsibility of the WRAIR DHSP 
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Appendix 1. Flow Diagram of Vaccine Combinations 
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Appendix 2. Flow Chart of Subject Visits 
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