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I. Introduction 

influenza is not a disease that can be eradicated. Wild birds and domestic animals harbor 
influenza A viruses, which have the potential for direct transmission to man and for 
genetic recombination with human influenza A strains. As a result, animal reservoirs 
provide an ever-present opportunity for the emergence of influenza A viruses that are 
antigenically novel to the human immune system. If the virus that emerges is also able to 
spread readily from person-to-person, chances are greater that a pandemic will occur. 
Although exactly when and where the next influenza virus withgg@$mic potential will 
emerge is not known, it is likely that the outcome will vary fromserious to catastrophic. II :r& 
Expanding focused research on specific areas of influenza be&e the l*G, sar$‘er next pandemic 
occurs can lead to new understandings, products, and stra@$e8&t,~vill improve the 
effectiveness of a pandemic response and prevent disease” and death$IJe development 
and implementation of a U.S. Pandemic Influenza ~Research Agenda‘d’@&g the current 
inter-pandemic period will provide a frameworksfor such high priority re@&h activities. .,*,‘.: L ‘_ “,” -~~~~*~,-;” 

_I,_, : >:- , _ ,.“. .,x__( 
Research on influenza is conducted by several HH%agen&%%nd by the Dep%tment of 
Agriculture and Department of Defense. The largest&$x of influenza research is 
supported by the National Institute ofAll%ergy and Infec%&&~Diseases (NIAID), National 
Institutes of Health (NIH), through inv&&ator-initiated g?&&an$ contracts. These 
agreements support both basic and applxed’?~$~&.on influet?%%rus biology, 
epidemiology, pathogenesis, immunologyg;and @%&elopme& of new and improved _ “.;:; &&.g..” 
influenza diagnostics, ant&i& drugs, and gac.&es. T@&ntramural program at NIH, the _. *.-cx*.ai. i ,_ 
Laboratory of Infectio$+~Dl%$$& (LID) al&&as a strong focus on influenza research, 
particularly in new &%ine dev%&pment. The&enters for Disease Control and .,*r +ams”r 
Prevention (CDC) thr?Q& the h@tional Center@Gfectious Diseases and the National 
Immunization Program ~~~~~~~~~d,intrarn~ral and collaborative influenza research - “““+,‘;i,+g.yF 
portfolio it&@$&&:udies o@&Iuenza eptdemiology, immunology, vaccines, and ‘“~;~*$q& 
vaccinati& program@@& Fo&&nd Drug Administration’s (FDA) Center for Biologics 
Evalua$on and Resear&$~BER~%$&Center for Drug Evaluation and Research (CDER), 
conducf‘r$%earch on influe!? vacc$ies and antivirals, respectively. 

:_ ‘i,. _‘_‘_ _ 1_ ‘>,: ” **.*a 
In 1995, NIAI@&nvened ;a# international workshop entitled: Pandemic Influenza: 
Confronting a KB~@~r~~#k Threat. Meeting participants were asked to assess gaps in 
scientific understan?l#Q%nd define a research agenda that would focus on the activities 1; 
necessary to improvepreparedness for the next pandemic. The recommendations that 
resulted from this workshop were subsequently published (JIO 1997; 176 [Suppl Zj) and 
formed the basis for this pandemic research agenda. This document highlights key 
research activities that can contribute to a new U.S. Pandemic Influenza Research 
Agenda, and builds on the successes of previous research activities, new technologies, 
and new developments in influenza epidemiology and disease. For example, it has 
become clear since 1997 that highly pathogenic H5N 1 and H7N7 avian influenza viruses 
as well as low pathogenic H9N2, H7N2 and H7N3 avian influenza viruses can directly 
transmit from infected poultry to humans. Although the 1997 H5Nl influenza outbreak 
in Hong Kong did not spread to other countries, it and the large outbreak of H5Nl in 
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poultry in Asia in 2004 clearly illustrates the potential hazards of avian-to-human 
transmission of influenza virus. Genomic testing research at Shantou University Medical 
School in China and at Hong Kong University indicates that H5Nl is now endemic in 
domesticated ducks in southern China, which could potentially spark a pandemic in 
humans. As a result, there has been a significant emphasis placed on understanding the 
basis for emergence and pathogenesis of avian influenza viruses and their use in the 
production and clinical testing of investigational vaccines for influenza A viruses with 
pandemic’ potential. 

A. Critical Basic Research Foundation ,& 
Research has provided the underpinning of many of the tools v&&&r&tly have to : ;: , combat influenza and will be the basis of those that are dev@qed in the future. Basic 
research on influenza facilitates new ways of detecting ar$?a$@&characterizing these 
viruses as they emerge. Most Federal funds currently,ayai~ble fo$%&Iuenza research 
are provided through NIH in the form of grant supp68’for scientists’8&&ly fundamental 
issues related to basic biology, virology, immunqR?gy, pathogenesis, 
of new diagnostics, antiviral agents, and vaccin%!&.n addition, NIAI ) ;* ,,“ 
centralized research resources such as contracts to screen~n8%+drugs, develc$new animal 
models, and establish a reagent repository. These reso&es are available to research ^. I~~ 
scientists around the world. :-_ ’ ,t$$; ._wx ‘$z?cC” .I__i,i a, 1. ::,,: I ” .-,e _,.e v?sgzx%,, y;< _: 

“p-e,;;,~~;;&. ;::: * ‘>_1 ::.* ,.- 
Basic rese:arch on the virus and its struct$~%$&a~jors that co$@bute to its virulence 
and its ability to evade the immune syster& and ,~~~~~~~~~~d~~g of the genetic changes 
that permit an influenza ox o suddenly &q$r% the ab@y to transmit between species 
provide important info@8 
systems for manipu@jng m 

ghting p&demic inff uenza. The development of new 
genes to c&ate strains (referred to as “reverse 

genetics”) provides ~~!&&hers @$h the oppor&&ity to systematically uncover the 
enza virus genome. The application of 

ur understanding of virus-host range 
nicity and to speed the production of inactivated 

ID has recently initiated an influenza genomics 
rs of human and avian influenza viruses and make 

ble to the public. This program will provide important 
cular evolution of influenza viruses and genetic correlates 

of virulence an 

In addition to grants,‘government contracts that support basic research also contribute to 
pandemic preparedness. A multi-year NIH contract on “Influenza Pandemic 
Preparedness in Asia,” was awarded in part, to support the establishment of an animal 
influenza surveillance center at Hong Kong University. The monitoring of influenza 
viruses in waterfowl, poultry, and swine in Hong Kong has detected the reemergence of 
H5 avian influenza viruses in 2001 and 2002 and resulted in public health authorities 
taking preemptive steps to stop further spread of the virus. These contract activities 
supplement other surveillance systems to identify viruses that might be needed in future 
vaccines and also provide critical clues into the dynamics of influenza virus evolution 
and emergence that are likely occurring throughout the world. An increasing number of 
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materials and reagents are being made available through the NIAID Influenza Reference 
Repository, the CDC WHO Collaborating Center, and CBEWDA, including antibodies 
and reference antigens to a number of avian influenza viruses considered to be of high 
pandemic potential. Updating the reagents in this library and making them available to 
research scientists around the world, remains an area of high priority. 

B. The Transition to Applied Research 
The plasticity of the influenza genome facilitates the virus’ adaptability and its escape 
from specific host immune systems, leading to the need for annual vaccination with an 
often-updated vaccine. Through NIH and private sector-supporte&applied research mew”%* 
programs, new vaccine candidates are being developed 
successful public-private partnership has been the gove 
involvement in the development of the live-attenuated in 
licensed in the U.S. in 2003. Efforts are a 
of inactivated influenza vaccines (especially for v 
administering them using new delivery sy 
combining them with adjuvants or suppleme 
common protein epitopes from influenza vir 
wide range of influenza viruses and should 
the exact subtype of influenza virus t 
producing prototypic vaccine referen 
candidates is essential for preparedness the CDC, FDA, the 
NIH, and other international laboratori 
investigational lots of vac,@ngs_made with 
they become available;.-‘ “’ ‘,m.“B ,.*&e&:nA :.* “z;-#& ; ’ 1 “’ CL;,% ,, ̂ _,l, ‘Z %-&CZi T: “* ^“li; 2k %y$,z :‘ In addition to vac;;nk‘i:‘il”‘ -“_ .; 

ports several programs focused on 
supporting the develo against influenza. These programs 

of clinical trials. In vivo and in vitro 
idates provided by private sector 
ng. Through the NIAID Biodefense 
ector companies are being supported 
non-egg based vaccine platforms, 

fluenza, and genomics-based diagnostic assays against a 
iruses, including influenza 

(http://\v~~v2.niaici~~~~~~vlbiodefense/research/fundinrr.htm) 

Applied research also leads to the development of tools, and to refinement of strategies 
that are critical to effective surveillance and pandemic response programs. Improved 
influenza rapid diagnostic tests, development of more sensitive and rapid laboratory 
assays for detecting and subtyping influenza viruses, and new high throughput methods 
to test influenza virus strains for susceptibility to antiviral drugs - and their 
implementation at CDC, public health, and hospital laboratories - all are key to identify 
and track disease before and during a pandemic, and to provide public health and health 
care providers the information needed to make optimal decisions. In addition, 
epidemiological, programmatic, and behavioral research results lead to new 
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understanding of risk groups for and consequences of influenza infections, strategies to 
improve vaccination delivery and eliminate racial and ethnic disparities, and effective 
communications messages and tools that will be vital to a pandemic response. 

II. U.S. IPandemic Influenza: Research Needs 

One of the highest priorities for pandemic preparedness and control must be a focused 
basic and applied research program that has the promise to further the development of 
new and improved diagnostics, antiviral drugs, and vaccines. Developing and 
implementing a research agenda will take the combined efforts of&IHS agencies ‘w~“.~v”v”A+. 
including ‘NIH, CDC and FDA and the private sector. This a-r&k identifies high priority 
research that will allow the U.S. to prepare, respond, and e overall morbidity 
and mortality associated with pandemic influenza. m-L. 

I : 
A. Basic Virology and Molecular Biology 

,, : ,n -.- I 
--.:’ Z%* hi-, 

.” -+g&& 
Influenza viruses, a member of the family Ortho+&xoviridae, are classi@$&rto three 
types; A, 13, and C, with influenza A causing.the@ost seve&W.disease in hu%j%~and the *A+.*, * 
most likely to trigger a pandemic. While a numb&of str@?rral proteins h&e been z..” I __w,> es_ 1 ,,~ e ,,,,, , 
identified in influenza A viruses, the two surface protKi$~, the hemagglutinin (HA) and 
neuraminidase (NA), play key roles in&e pathogenesis%&he virus and the host’s 
immune response. Although only two%%enza A subtype?&Qrrently cocirculate 
globally in humans (HINl and H3N2),~~t~~~~~~~~~~stinct an?@@& subtypes of HAS (HI 

d’aquatic birds. Numerous 
the sequences for 5 genes 

r-ted:‘- In spite of the severity of 
he viral proteins in the virus’ 

ch highly pathogenic influenza vimses 
enetic mutations that correlate with 

epidemiology of 
defining the molecular 

r avian viruses such as the 1997 . .cTx” and 2004 H5Nl viruses and 
the role of vtrulence factors and pathogenic determinants in disease. 

l Determine the compatibility of gene segments derived from human and animal 
influenza viruses to reassort-an event that may result in the emergence and 
interspecies transmission of novel influenza viruses. 

l Evaluate the role of mutations and constellations of mutations on antiviral drug 
resistance using a reverse genetics system to find viruses with specific mutations 
associated with drug resistant phenotypes. 
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B. Animal Surveillance 
While no organized WHO program currently exists to support global surveillance in 
animals, the WHO has initiated limited systematic influenza surveillance in swine and 
recent avian outbreaks caused by highly pathogenic influenza strains are likely to lead to 
new avian surveillance activities. 

The NIH supports an animal influenza surveillance program in Hong Kong and is 
expanding, coverage into Mainland China and other parts of Asia. This program conducts 
ongoing influenza surveillance in wild birds, live bird markets, and pigs. In addition, 
researchers are examining the molecular basis of transmission of&if%uenza viruses among 
animals and humans, studying why avian influenza viruses in&sia are becoming more 
lethal, and identifying avian influenza viruses that may be s@&l~e for use in developing 
vaccines. 

“,. M ” ;p;; I _.‘.j_ _.. ‘:.=” ‘% “‘. :. I ,*“̂  . ,,_ ~ “%’ ^. _ ‘. ‘.,, -+-&&< 
The Office International des Epizooties (OIE) has ,$tablished refer 
avian and equine influenza. These laboratories pj&ide diagnostic t 
characterization, reagents, and training. The @&*&ember ssuntries repo 
avian, equine and swine influenza, and the OIE pr$$s ~:~early summary of these a,*, reports. G:,:,“:‘ ;:1 * r. ‘\, 7 z\r:: ‘“X _-. ‘_ 
The U.S. Department of Agriculture ( nducts in&@&a~urveillance in domestic 
animals. Recent outbreaks in dome BjJjre associated with cases 

rveillance activities. 
s increased since the 
nsylvania and surrounding 
state animal health 

personnel, or members of the poultry 
submitted to state laboratories for 

d, a Foreign Animal Disease Diagnostician 
les directly to the National Veterinary 

monitoring for serum and 
e birds, qualifying birds 
ddition, the USDA’s 

markets in the nor-the&tern 
onitoring live bird 

region of the U.S. since 1986 for the presence of avian 
influenza viruses that may pose a threat to commercial poultry. 

Most birds submitted for entry into the United States must be quarantined in USDA 
approved quarantine facilities. During quarantine, avian influenza virus isolation is 
attempted on samples collected from all dead birds and some live birds. 

Several programs exist for surveillance in wild birds in North America. NIH supports 
annual surveillance of influenza viruses in wild migrating birds in North America and 
collaborations with the Canadian Wildlife Service to isolate influenza viruses from 
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migratory birds. Results obtained after analysis of the virus isolates from wild birds are 
published periodically. 

Surveillance in the U.S. for influenza A viruses in swine and horses is less systematic 
than in poultry. While no requirement exists for USDA notification when cases or 
outbreaks of influenza occur in these animals, considerable interest exists in 
understanding the viruses that are circulating among them. In general, only outbreaks in 
swine of unusual severity or duration are likely to be investigated and reported. On the 
other hand, surveillance for influenza viruses causing disease in horses has practical 
utility because data generated from analysis of equine influenza &uses can be used to 
guide equine influenza vaccine formulation. The Animal Hea@%&&, Newmarket, U.K. 
has taken the lead in organizing a program for equine influ~,&$&rveillance and 
reporting, primarily in Europe and the United States. Bas& on”f@&urveillance an 
annual report is published. 

2:: 
&. -?;< --T,‘ _. 1_1 .: , % F.. w_“‘__ ‘* ::2 ._i -,< .._fi’ ” Z$X;i; : <Y,$‘,:> 

Goal: To understand the prevalence, ecology, q3preadzof influenza ~#&ubtypes in 
animal reservoirs. 

>-, -,,a “.&:qz2*& t ‘y,y “z/wi ~ “-*z “- Y5.F i ~~“~,^~,~ :- ,% 111. ‘;pC!% 22 A ? LIx.-% ,‘,$‘-“’ -“*,, “. ‘.. PF.: .^ :- 
Priority Actions. w.. 7 Y^ ,5,~ ^.F”” *+ .\_ I*. 

0 Support international surveill 
Asia and the Pacific Rim. Thi 
farms and slaughterhouses, and 
for the reassortment of influe 

and wild migratory 
cal studies on poultry 

tally characterized 
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C. Human Surveillance and Epidemiology (See also Annex 2: Surveillance) 
The World Health Organization (WHO) supports an international laboratory-based 
surveillance network for influenza to detect the emergence and spread of new antigenic 
variants of influenza. The information regarding circulating influenza strains is used to 
monitor global influenza activity; to update the formulation of annual influenza vaccines; 
and to detect novel influenza strains (i.e., influenza A subtypes that have not recently 
circulated among people) that infect humans leading to the implementation of control 
measures and providing early warning of a possible pandemic. 

CDC conducts and coordinates influenza surveillance in the Uni$t@SFtes. Surveillance 
foci include collecting influenza viral isolates for testing, mon$%ing morbidity and 
mortality, and identifying unusual or severe influenza outbre&&The U.S. national 
influenza surveillance system includes: laboratory surveiJ@nce~L@$~atient influenza-like 
illness (IL-[) surveillance, pneumonia and influenza (I$I~elated%&&lity surveillance, -:%x2 
and an assessment of influenza activity at the state~~~e~~,,.TraditionaI~~~~~~~S. influenza 
surveillance has been conducted from October tJ@ugh mid-May but is &@~%being 
conducted year-round. Year-round influenza&%&!ance %$I1 provide info@%on on the 
baseline level of influenza activity during the summZ&+$XI%se data have the potential 
to become an important component of early detection?&& pandemic. .~&C a-* _ exA_y -q%~ <; 
Several activities to enhance influenza&veillance curre e.1 ..^ ,- ; *A&$.&w ‘, Yz~~~~.~. 

l On a multinational level, the CDC?is 
*ri2.%.wn 

Outbreak Alert a&Response Netw assure overall _ I ~ ,*. ,_ improvements 
in global disea$%%%@! and contrdI, This network has demonstrated the value 
of novel ancf$$~onvent&@al surveillance systems based on news media reports to 
quickly identi@!#&entia&rtbreaks. ; _. . -* ,Fe ;: 

l CDC issl,so proj’and assistance to foreign governments ~ . x”“._ .ll, foll~~~~~~~~e~~~proveme~fof influenza surveillance networks. These 
_.n&orks fo8%!@ the @&ematic collection of virological and epidemiological 

., ::li&@rmation fo~Ienza.~~%&~~goal of this assistance and support are to 1) 
&8&&h or enhan?&&m acti% influenza surveillance network that uses 
stan&&i,zed data c@ection instruments, operation definitions, and laboratory 
diagn6Q&%tests to @ante surveillance for influenza; 2) expand existing 
surveilIanr%!~~~stems; 3) improve local laboratory diagnostic capabilities; 4) 
develop eduE@&al and training opportunities for local pubic health practitioners; 
and, 5) improve communications and data exchange between laboratories and 
epidemiologists in the global influenza surveillance network. 

l CDC’s BioSense project is a state-of-the-art, multi-jurisdictional data-sharing 
program to facilitate surveillance of unusual patterns or clusters around the 
country. It could enhance the nation’s capabilities to rapidly detect and quantify 
public health emergencies by enabling rapid access to, and analysis of, diagnostic 
and pre-diagnostic health data and establish the capability for rapid, around-the- 
clock electronic transmission of data to local, state and federal public health 
agencies from national, regional and local health data sources such as clinical 
laboratories, hospital systems, health plans, DOD and VA medical treatment 
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facilities, and pharmacy chains. Therefore, it could facilitate appropriate public 
health investigation and follow-up by public health authorities. 

l Studies have documented that children are major contributors to the spread of 
influenza within the community. In addition, there is increasing awareness that 
influenza is associated with significant morbidity and mortality among children. 
In order to better understand the dynamics of influenza in children, pediatric 
influenza-associated deaths have been added to the national reportable disease list 
by the Council of State and Territorial Epidemiologists. Implementing this 
surveillance will aid in the identification of high-risk groups and in formulating 
improved immunization policies. : A& “, ., * 

l In three metropolitan areas included in the New Vaccin&Su~eillance Network, 
active-surveillance is ongoing to detect all influenza,&@s among children less 
than 5 years old who are admitted to hospital. Key-feat&&:,of this system are that $f 
it includes all hospitals that admit children from the surveilh&&eA counties; 
laboratory testing is done to detect which children-admitted w%@@.xile or 
respiratory illness actually have influeng!cand data, are being col 
characterize the clinical and epidemiol@@&I feat&&of influenza 1 ren. <&*y,.ya -.-.‘u .e_x ., 
Based on influenza cases detected in childr~$$tu,liF?%re being don$to evaluate 
the effectiveness of influenza vaccination and tl%@costs associated with pediatric 
influenza illness. ,+:, .L:T. “uz II I -x’,, ,ai ,‘ 2”. 

l In nine Emerging Infections Pr?&$%&network sites$Finvestigation to ““‘%c:$ 
characterize the burden of sever~~,~a~~~~~~~on~~~~~~~diatric influenza in the ‘x*&gY I.-m, 
U.S. was initiated during the 2003~~2004.~~~~~~~~.~a~~n. Specific objectives .T; . ..’ ~ “* _ ‘il( “*” 
include: I) determiningthe age-specrf@rates oflaboratory confirmed influenza- ~&4yq$&&~ 
associated ho,sprtalrza@samong children aged 418 years in the surveillance areas 

etermining the rate of serious 
s secondary bacterial infections and the 

ion; and 3) describing clinical and 
ric case-patients requiring hospitalization 

ante for severe influenza infections in 

l l%&@s continue t8&crease%e number of regularly reporting sentinel provider T$ ;: ._ 
sites%$$ach state t$@J per 250,000 population or at least 10 in states with small ::‘e popul~&L& ,“,” 

l Efforts to~~~elo$&dies to obtain annual estimates of vaccine effectiveness 
against labo?%@y confirmed influenza illness is underway. Case-control studies 
in adult, and possibly pediatric populations, are being established and vaccine 
effectiveness estimates for laboratory confirmed disease will be reported to CDC 
on an ongoing basis during the study, with final results at the end of each 
influenza season. 

Goal: To understand the factors involved in transmission of influenza and the efficacy of 
potential control measures. 



Annex 10: Pandemic Influenza Research - Draft 

Priority Actions: 
l Conduct serological studies of humans who are in close contact with animal 

reservoirs to assess both cross-species transmission and subsequent human-to- 
human transmission. 

l Determine population effects of vaccines by studying the impact of vaccination 
on annual influenza epidemics, developing models for predicting the impact of 
annual vaccination on a future pandemic, and establishing the cost savings of 
different vaccination programs. 

1: e.&%% “wx‘r &a<-. _‘. 
l Evaluate the role of children as vectors for the transmisrsion of influenza infection 

within a community and the impact/use of vaccines,t&@luce spread and 
potentially alter the course of an epidemic. Sf ‘%g:, 

Fpr -I 4. ,..LG. ‘< .~& ,**g”i ,- .I .,j, ^‘. 
D. Diagnostic Development 

,,*.* l,~. ; >: 
,.iv ;,.,& I ,___ ‘.*:::& 

Early detection of new influenza outbreaks is cr&al to limit the spread c@&&ction and 
control its impact on human health. The influ#!%$agno& tests that are @!@i$ntly .;zE+ : 
available have limited sensitivity and specificity an~@&e_not able to discriminate between 
viral subtypes. The NIH is currently supporting the reS@&h and development of new 
ultra sensitive, genomics-based portab&liagnostic deviS&&at will be able to 
discriminate influenza viruses from oth@&@e respiratory 
These novel diagnostic tools will allow &e r@&$+&~tion 

ens in clinical samples. 
ly emerging influenza 

strains and will be able to discriminate b~~een,~~~~~~~~~~13;enza subtypes. 
:. ,Li’ --. **y,;r;> ‘:z;;&*-. &# 

The ability to test technolog&, in public%ealth laboratory settings is also 
being enhanced thr 
introducing new techriI@&s, 

ion of sta&ardized protocols for lab methods, by 
su s multiplex @& and by expanding the role for use of 

molecular tG?!jps to @#3i@ ;res&&ory agents inciuding influenza types and ,( -,,,w _ \ 
subtypes. ,” _ __ - .‘...:: .,,a ,~~&:ft$&, ’ ‘:x;g I 

_ _. .& 
CD~,l@~ollaboration%@$j~me A tion 
and will%&~nducting tr%$!&n 

of Public Health Laboratories, has planned 
public health laboratory personnel in order to 

promote stW$@rd molecul IT*- hniques for the identification of influenza virus types and 
subtypes incl&@@.those n ally circulating in human populations, Hl and H3 and 
recent avian sub@@&of i@&est, H5 and H7. TLaa&% ,&a The incorporation of these data into the 
surveillance reportiXj$@tem will increase information on the circulation of influenza 
viruses and help develop a better understanding of the impact of specific viral subtypes. 
NIH supports diagnostic development for emerging infectious agents through the NIAID 
Biodefense Partnership and Challenge Grant Programs. 

Goal: To support the development of rapid and reliable diagnostic tests for the 
identification and characterization of epidemic and pandemic influenza viruses. 
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Priority Actions: 
l Support development of new technologies and platforms that allow for the 

detection and discrimination of newly emerging influenza virus subtypes. 

l Develop new rapid antigen detection methods for use on clinical specimens 
obtained from influenza patients. 

l Develop new rapid methods to detect antiviral resistance in clinical influenza 
isolates. 

_, -.., j_ ,“I *WI .*, &,‘” : 
l Develop techniques for identifying host-response profiles for early detection of 

presymptomatic infections. 
~“s,t*s_. _, -zY&xs:‘b,, ,>. ,p sm*-+‘*, “A_ %. : ‘* ,C..“<. ‘& r Y *;“& a,^- ‘i?Z” 

E. Antiviral Drug Development (See also Annex &&fiviraZ D%&and Strategies) 
In the event of a pandemic, antiviral drugs will be~$%t?t line of def&$;@fore a 
vaccine is available and could delay the spreadXZec8;the pandzmic particular&:ifthe strain 
is not efficiently transmitted between human&‘?%$rare c@ently two cla&@of 
antiviral drugs against influenza, the neuraminidase%#@~ors*and the M2-ion channel 
blockers known as adamantanes. Studies have shown?&&&tneuraminidase inhibitors, in 
addition to being active against influk&a..A and B, may r&J&e complications of 
influenza in some individuals. H5Nl v@&&%&olated from p&t&y and humans in Asia in /R - “g&~“2&&m 
2004 are known to be resistant to the adamant ~The devep$ment of new broadly 
active anti-influenza drugs that do not ind$ce t g$ofdrug resistant viral strains 
is essential. NlAID suyE@&researchers -~~~~~rrentl-eloping novel antiviral 
strategies against influ$%za. “T#&e efforts i&&de the d&elopment of genomics based 
inhibitors of viral re$&ation, c’@ !rpounds thatblock viral entry, and inhalable antibodies 
for immunoprophylax?@jinst &fluenza. &.#&.*A ‘-‘-+g ,&-may&c& _ ry 

“MA%%.* ‘?&*a% S:.irr, * ,I,- 1 ‘“s j ., ,&-‘., .\, .a .._, +. :&q.‘:‘ .l”,*y>“r:,.T2p‘ . ; 
.1 ,7;,>.* f &$$y&“” ‘a:: II j ~.A.,g>::’ “g&I ‘\,?,.‘ 

ral agents that can provide an option for therapy 
resistant to currently available agents emerge 

ent strategies to guide decision-making around the 

*eex*&> I.i,a g.2 -en>_ ‘~ ““,:: e ; 
Priority Actions: ‘g&,, : I:$; 

l Expand prec@%al and clinical support for the development of new promising 
antiviral drugs against influenza. 

l Monitor for the emergence of antiviral resistance. 

l Conduct studies to improve programmatic feasibility of stockpiling antiviral 
drugs, for example by evaluating shelf life beyond current FDA licensed limits, 
and by assessing strategies for distribution of drugs from state health departments 
to points-of-care and end-users in field exercises. 
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l Explore public health strategies (i.e., dose reduction, shortened treatment courses) 
for maximal impact. 

F. Vaccine Development (See also Annex 3: Vaccine Development and Production) 
Inactivated influenza vaccines were developed more than 50 years ago, and since that 
time, annual vaccination with the inactivated vaccine has been the primary method by 
which the disease burden of influenza has been reduced. In 2003, a new intranasally 
administered live-attenuated influenza vaccine, FluMistB-developed in large part with 
research support by NIAID, was made available for vaccinating healthy individuals 
between the ages of 5 and 49 years. While influenza vaccines w,o&.well in the majority 
of people, they often do not work as well in the very young, tl&%ry8ld, or in patients 
with a compromised immune system. Currently available~,@fI&nza vaccines are 
produced by growing influenza viruses in embryonated @okens?&gs taking between 6 
to 9 months to prepare. 

I .I -.. 2. ‘C, && :, :I, L. ~wwTT*. S” ,. .) I -2” Pa. ;-,., 
,~ :g &X”& 

Vaccines produced in the event of the 
“-*y& 

emerge spread of a new pa@@&rnic_ *-y‘““~ 
influenza strain must be safe, able to be produ ,ix, Jarge quantities and de&&ed 
quickly, and protect the largest number of individu~~po,~~~l~.~. When the next influenza 
pandemic emerges, it will likely be caused by a type o@@uenza virus to which humans 
have little to no previous exposure. A&a~result, :.%a* 

with making critical decisions 
public he&&& officials will be confronted 

ge leve&md,,timunization regimen 
for various populations. The evaluat&@of investigational lots of 
pandemic vaccines is an urgent global pu The NIAID supports a wide 
range of activities to devel,wand test pand tines. These activities 
include supporting pro@%?%@@on-egg ologies, strategies to 
improve the curren@&~tivate8~ccine by a&&g adjuvants, optimizing dose, and 
evaluating new routes”@$elive&‘&rd programQhat support partnerships with industry to 
for the production and ~~~~~~~~~~~~~~~~~~~~ inactivated and live-attenuated 
pandemic in~i~~~~~~,~‘, aAA”‘“<f?t ’ 

,,, *pp‘qx,&e: * :- -‘1 /-: .iiilAz,al‘ ‘ ; ..e,._,*xc -mr-x;* x- ;~g~~,~” 
Goa&$$+increase the ?I&$$$~ of a8@&ility of safe, effective, licensed pandemic influenza 
vac~ine~$& expand the b%adth a@potency of existing vaccines. x?d \ ‘Z>..$ x%:,. ‘:“&a .*w._ I -,sl Jpz 3, ‘:*” .** 
Priority A&i$@&~z A! 

‘%P . . 
l Prepare refe~ence.~ruses that contain hemagglutinins (HAS) and neuraminidases 

(NAs) from ,a$%!@ influenza viruses with pandemic potential and genes from other 
well-characterized influenza strains (i.e., A/pR/8/34, A/Ann Arbor/6/60) that 
confer high-growth properties in eggs. 

l Support the production and evaluation of investigational lots of pandemic 
vaccines to assess safety and immunogenicity of the vaccine in various 
populations, including those likely to be of greatest risk. 

l Develop alternatives to egg-based vaccine manufacturing technologies, which 
include cell culture-based systems, recombinant proteins, DNA-based platforms. 

12 
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Support new influenza vaccines, including those that may provide longer-term 
and/or broader protection. 

Assess the role of using the live-attenuated influenza vaccine in a pandemic. 

Encourage the development of strategies to enhance the yield of production of 
influenza vaccine using current manufacturing processes. 

Assess the potency of existing vaccines against combinations of traditional 
vaccine targets, e.g., HA and NA from different strains. .z;i%.. 22 .w*.* ..~“. d “_ * 
Explore the potential of more highly conserved vira@?%&s as targets of 
vaccination, and the efficacy of combination straij@accin@%. *, ,s>* :..‘ .& r:* i, .~ ..“~, ” ,, <,* . x ‘-z&w .-‘_ ; 
Assess the potential contribution of cellul~?mmunity to vacci%$~otection and 
expanded coverage. A .‘s% %~%WS:&“x 

.a%*&:*. “:L, ‘*:,y+-&*& I 
““w&>p& ;. ‘&*A:. ^ u- *.m**_ 1 ~*-~.t.~ 26. Gg; “&~~Z ?X _r_- ?<@&g#.~ 

Monitor the long-term sequellae of vaccinat~~~~~~~;;larly the possible 
protective role of vaccination against non-infe%$h diseases such as 
cardiovascular, neurological, &&other diseases,?@@&lerstand the value of ;$*#m%%; 
vaccination and possible indicai$%jf~~~xpanded va@&@l”on in the future. _ , “,f T$,%&~~~&, ‘xp :. -“:sA.-^ .k.. ^j’ 

Development of Clinical and Research &otw$% &ring a Pandemic 
Clinical trials of pandemi@$$&nza -.. _ vaccir%&$$!ponsore 
emergence of novel I$% 1 mfh$&za viruses?&1 976 and 

NIAID in response to the 
1977 provide valuable safety 

and immunogenicit!j%&~ that w@r summarized!& a supplement to The Journal of 
ugust 1997) and in articles by Paul D. 

s 136:S341-S746;1977) & by John R. La 
: 723-764; 1983). Lessons learned from 

andemics and during the current inter- 
nderstanding of the safety, 

i -.;*&% rr 
Recent studies ‘?@.h,H5N 1 #luenza viruses that have caused outbreaks in humans over 
the last seven yea?%u~g& that the immune response to different H5N 1 isolates and 
other avian influenz&%s subtypes are not likely to be predictable. In addition, each 
individual vaccine manufacturer produces influenza vaccines somewhat differently, and 
therefore efficacy for these different vaccines may not be generalizable. As a result of 
the needs to further clinically evaluate these products, the NIAID held a workshop in 
2003 entitled Development of a Clinical Trial Plan for Pandemic Influenza Vaccines 
(llttp://~~~.niaid.nih.Frov/dmid/meetines/fluvaccine.htm). Participants at this workshop 
identified critical questions that need to be addressed in future studies. These include: 

l Does increasing the dose, the dosing interval or giving two doses increase the 
immune response? 

l Are increasing dosages of vaccine associated with increased reactogencity? 

13 
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l Do adjuvants truly augment the immune response? 
l Do different aged populations respond differently to the same vaccine dose? 
l Is a single higher dose as immunogenic as two smaller doses? 
l While the current surrogate of protection is serum HA1 antibody, are other 

surrogates such as antibody neutralization titers more appropriate? 

Goal: Prepare clinical and research protocols that can be used to rapidly assess the safety, 
immunogenicity, and efficacy of pandemic influenza vaccines in a variety of population 
groups and provide public health policy-makers data to guide a pandemic response. ‘: .I ” ,.2;.- : ‘ ,>* 
Priority Actions: ^ +. _ “;<-g Fl*A”; &y-” ‘““\:ce 

l Develop clinical protocols that evaluate the safet$$nd n-m@&ogenicity of 
different doses of pandemic influenza vaccin@;ip, ?arious $-plations. 

../P ^t, ir’ -,7253s:‘ , & ,” .T ;<*&x .a%&$“* , 
l Develop and evaluate case control and c$JJ~ cohort-study protocolS@@can be ‘& 

used in an outbreak setting where a nd%?$&s wit&;Pandemic poten$@ is causing 
an outbreak in order to assess risk factors fo%$&i#on,“detect person-to-person 
transmission, and assess vaccine effectiveness.%&&. ‘I *Lz. ~*.s*, ‘%xz2 i 

l Develop study protocols for r ion impact of 
outbreaks early during the de 

l Develop and e$@~~~dy the effect of interventions 
such as trave&~stricti8@$or school c@$ngs during 
developmet%&%pande~~c. I. 

outbreaks early in the 
‘SF? i :z& ; ,g&w ~ .ex- ‘ewsz ~g 

-.>*ct &L, _ .s$p* _ * ,>,F ,.s*.“. _ _ ,_ I‘ :: 3&p+ ;I~+?.&& c*sAj $&$ .-cpxN--~~~~ &$ 
rotor@& f&-&%&@rmg the effect of early use of antivirals in .&,A, “*.“,,.I’ 

; .~ b~,;i* “S,\._. f ,&;**; I ;“2: ,:,“&” 
&$gg& T:.k;e:, ,,‘“TJ _ 2’ 

~m~“s&&esponse pa<&ters Y$ 

NIAID s&m@ basic reseah to understand how the influenza virus evades the host 
immune re$@&eand ident@ the host immune factors that influence disease outcome. 
Other activitie?~@&de th$!evelopment and evaluation of novel adjuvants and delivery 
systems to enhancB3%cc#” immunogenic&y. NIAID is also supporting a large multi- -c&,&~;.; 
component research project to compare the humoral, cellular, and innate immune 
responses in childrenand adults that are vaccinated with live-attenuated or inactivated 
vaccines or that are naturally infected. 

Historical experience with influenza vaccines suggests that two doses of vaccine will be 
needed to induce adequate levels of immunity to a pandemic strain of influenza. 
Enhancing the immunogenicity of a pandemic vaccine so that a one dose course could be 
used would ultimately reduce the time and cost required to protect the population. This 
may require inclusion of an adjuvant - a substance included in vaccines to increase the 
strength of the immune response - in the formulation of a pandemic vaccine. Further 
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investigation needs to be done to understand whether adjuvants will be useful in a’ 
pandemic situation. 

Goal: To determine how to further enhance the immunogenicity of influenza vaccines 
through adjuvants or alternative delivery approaches. In addition, research is needed to 
optimize immunological assays and to define serologic correlates of immunity. 

Priority Actions: 

l Evaluate the immune response to dose ranging studies wiJ&;multiple doses of 
licensed vaccines in various populations. . . . _ “& ~ ,z.x .:+ %xX .a! ,y *“+*p& :, : **y.%T,:.. 

l Evaluate alternative strategies of vaccine administ@tionH&~could reduce the 
dosage of the vaccine required to achieve an oR$imu,m immX@&&esponse, ,.,~ I.“. ?,, 
including intranasal, intradermal administratron, adjuvants, ancQ&scutaneous il 
patches. ,, i: .,.T _ Psf#:, 

&a$% 3% :a.* i:, ‘y&g&@ 
;i “.x”̂ %$&,” . . v,, 6. I p:. ‘-qa.4 ‘.S’ ‘%Ts*:~c* se.,” -- (,“̂  q T& =F& *:a&:* 

l Determine the immunological markers (such$s.ceI$Zmediated immunity, cytokine - :,?$%~“- 
production) that might constitute correlates ofp@%ection. Determine the role of 
humoral, cellular, and mucos&@nmunity in prot%%&r against influenza disease, 
with an emphasis on those pop k$=Flhighest risl&&+ ,.k, .Fp&“gy “~,**~A%: ~ ~*$$y# “Z % -‘&z~ I +- 

l Develop serological assays to ass&s imm@% &I$pons&. Improved techniques 
termine tl&$%une me$&risms responsible for strong 

versus wea nses to inf$enza vaccines. 

esources is essential to facilitate advances in basic and 
se resources include providing research reagents and 

ogle databases, animal models for preclinical drug and vaccine 
nt laboratories. NIAID has made substantial investments in the 

erging infectious 
these resources can be 

. The NIAID has also 
supported, in collabo%tion with the WHO, animal influenza surveillance training courses in 
Asia. These courses are aimed at training individuals from Pacific Rim countries in the early 
detection of avian influenza viruses. 

Goal: To regularly update and expand reagents and influenza virus sequence data 
available to the worldwide research community and to expand the number of well-trained 
investigators who have influenza research or surveillance as a primary focus. 
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Priority Actions: 
l Produce purified reference antigens to each of the 15 novel influenza virus 

hemagglutinins and to selected neuraminidase molecules. 

l Prepare subtype specific reference antisera (monoclonal and/or polyclonal 
antibodies) to avian hemagglutinin and neuraminidase proteins for use in the rapid 
identification of novel viruses and vaccine standardization. 

l Produce a series of oligonucleotide primers to conserved regions of influenza 
virus genomes. These primers would allow for the rapid,.$quencing, 
identification, and characterization of novel influenza v&s strains. _.. :,, ~ ._. : : :; 7::; .,^ 

l Establish and maintain an up-to-date database of I@nan%&&nimal influenza 
gene sequences that can be accessed by the research, comm8&y. /27 .. .:A 

.:g* ‘“:y&“& .&m*y,. 
l Establish mechanisms that facilitate col&t&ration among interna&&+ 

laboratories, which will result in the shaii!,of reag$nt.s, virus strai&j$!ata, new “>~y?*,” 
technologic advances, and training of labor&@y p&onnel. / ,,~, n:... :; ‘:“:z:,* e.s7. 

H. Communication Strategies (See ~&aAnnex 7: Co&~~~icaZion) 
In the setting of an influenza pandemi$@@&&nd reliable c~%&&rnication that provides 
information that allows an individual, sta@?#&&~~,an entir?$&mmunity to make the 
best possible decisions about their well be-&g ~~~~~~~~11~ important. 

“, - ,,‘ ;;-;-“;~“” ~4,. 
t-m&ion needs about pandemic 

sponse. Identify preferred formats 
mination of that information. 

wledge and beliefs about influenza disease and 
eptions, vaccine benefits and risks, among 

reactions to different influenza 
informatio%$&m~~~ and content including: 

Yg@><‘T L ;xX’ 
o Ann&l influenza season materials, for example: Vaccine Information 

Statements (VIS); ACIP statements, and influenza websites. 

o Pandemic influenza materials, for example: pandemic preparedness video, 
satellite broadcasts, webcasts, influenza disease fact sheets, and influenza 
vaccine fact sheets. 

l Identify, develop, and test strategies for information dissemination to providers 
and the public, partner organizations and agencies, and the media. 
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