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In those aged 17 – 39 years, the increase 

was from 169 to 6,253 in the October to 

December periods, an extraordinary 37-

fold increase. 3  Many intensive care facili-

ties were stretched to capacity. We must all 

be grateful that the worst-case scenarios 

that had to be planned for never mate-

rialized. We just about coped with what 

turned out to be a generally mild disease. 

 How do the events of 2009 impact on 

vaccine strategy? Up to last year, the nor-

mal seasonal fl u vaccines were a trivalent 

preparation, off ering protection against 

three strains of seasonal flu viruses 

(e.g., H1N1, H3N2, and B in 2009). Th e 

twice-annually selected vaccine viruses 

were grown in embryonated hens ’  eggs, 

chemically inactivated, and then further 

processed to produce the viral surface 

antigens for formulation into vaccine. 4  

Some companies (notably Novartis 

International AG, Basel, Switzerland and 

Baxter International Inc., Deerfi eld, IL) 

were moving from egg production to 

cell culture, and live attenuated mucosal 

influenza vaccine, FluMist (adminis-

tered as a nasal spray) has been marketed 

by MedImmune, LLC (Gaithersburg, MD). 

FluMist is licensed in the United States, 

but not yet in Europe. 

 For European (EMEA) regulatory 

approval, seasonal fl u vaccines need to 

show that they induce antibody-medi-

ated immune responses measured on 

the serum of adult volunteers and meet 

thresholds that normally correlate with 

protection. 5  However, the relationship 

between serological responses and pro-

tection is not linear or fi xed and it is pos-

sible that the correlation that has been 

used for licensure over many decades 

only applies to conventionally formulated 

vaccines. New vaccines may break this 

correlation, either being highly protective 

but inducing poor serological responses 

or giving excellent serological responses, 

 From any perspective, the unfolding of a 

novel pandemic provides great challenges. 

It demands cooperation between scien-

tists and clinicians in diff erent disciplines, 

working under great pressure around the 

clock and around the globe. Decisions 

that are made have major and immedi-

ate implications that need to be com-

municated and acted on in time to make 

a difference. Normal conventions and 

processes are oft en set aside for the sake 

of keeping ahead of transmission. Once 

the outbreak is over, the urgent activity 

winds down but momentum needs to be 

maintained to take stock of what has been 

learned and to retain the capacity to gear 

up again in future outbreaks. 

 As we move from the winter to summer, 

there is now very little infl uenza activity in 

the Northern hemisphere. Th e pandemic 

of infl uenza A (pH1N1 / 09) that we wit-

nessed last year continues to move around 

the globe, promising to establish itself as 

the dominant strain of seasonal infl uenza 

for some years to come. 1  Although we 

cannot predict with certainty how it will 

behave, it seems possible that it will main-

tain some of its unusual characteristics: its 

propensity for infecting younger adults, 

for causing severe disease in children, 

asthmatics, the pathologically obese and 

pregnant women, and perhaps for avoid-

ing those over 65 years of age. 

 So, what have we learned? First, 

pH1N1 / 09 is a generally mild infection, 

but in a small but signifi cant minority 

of people it causes severe disease. Why 

it does this remains a puzzle, but the 

assumption is that in some individuals 

there is a combination of virus and host 

genotype that leads to either uncontrolled 

viral replication, enhanced lung viral 

burden and viral dissemination, or to an 

excessive host immune response (innate, 

mediator-mediated or cellular) that 

might be loosely described as an immu-

nological storm. Perhaps a combination 

of enhanced viral replication and an over-

exuberant infl ammatory response leads 

to the respiratory failure and sometimes 

multisystem disease that so devastated 

some infected persons. 

 The fact that many of those infected 

showed little or no disease does not mean 

that the pandemic had little impact on 

health or on health care ( Figure 1 ). At 

the peak of the fi rst and second waves of 

infection (in July and November 2009, 

respectively), the number of patients 

seeking medical care in south London 

and the west Midlands had the potential 

to overwhelm primary care, leading to the 

UK government ’ s introduction of a tele-

phone helpline to cope with the demand 

for advice and antiviral drugs in England. 

In the fi rst week of November 2009, there 

were approximately 850 patients hospital-

ized with confi rmed pH1N1, about 20 %  

of whom required critical care. 2  In the 

United Kingdom, infl uenza-associated 

bed-days increased from 4,163 in 2008 

to 33,376 in 2009, about a sevenfold rise. 

                               Influenza vaccination: lessons 
learned from the pandemic 
(H1N1) 2009 influenza outbreak    
  PJM       Openshaw   1         and     J       Dunning   1                 

      1   Centre of Respiratory Infection, National Heart and Lung Institute, Imperial College London ,  London ,  UK   .       Correspondence: PJM Openshaw ( p.openshaw@imperial.ac.uk )  

Published online 16 June 2010.  doi:   10.1038/mi.2010.34  



nature publishing group COMMENTARIES

MucosalImmunology | VOLUME 3 NUMBER 5 | SEPTEMBER 2010 423

meeting licensing requirements but 

off ering no protection against infection, 

clinical infl uenza or the complications 

thereof. Mucosal vaccines, for example, 

might induce excellent local IgA-mediated 

protection but fail to induce a systemic 

neutralizing antibody response. 

 Other factors that are important to the 

protective eff ect of fl u vaccines include the 

history of infection or vaccination. His-

torically, Mexico (one of the fi rst coun-

tries to experience widespread disease) 

has one of the lowest infl uenza vaccina-

tion rates in the world at about 1 %  vaccine 

coverage. Th is compares to about 10 %  for 

Nordic countries and Japan; nearly 20 %  

for Germany, France, the Netherlands, 

and the United Kingdom; and 25 – 35 %  

in the United States and Canada. 6  A sin-

gle dose of seasonal fl u vaccine is usu-

ally all that is needed to give protection 

because most vaccine recipients have 

been exposed to similar viruses or vac-

cine antigens and are partially primed. 

Th ose who have not met similar fl u anti-

gens normally require two doses of vac-

cine, administered 4 – 6 weeks apart but in 

the pH1N1 / 09 outbreak, Pandemrix (the 

adjuvanted vaccine from GlaxoSmith-

Kline plc, Brentford, Middlesex, UK) 

produces a strong serological response 

aft er a single dose in many adults. 7  Simi-

larly formulated vaccine against H5N1 

infection needed two or more doses to 

induce good responses. 8  

 Th e use of adjuvants is a critical factor 

in many new vaccines. Pandemrix uses the 

oil in water adjuvant AS03 (monophos-

phoryl lipid A). Vaccines incorporating 

AS03 (e.g., against H5N1 infl uenza) have 

been given to many thousands of healthy 

adults without signifi cant safety concerns 

having been identified, and have been 

administered to several hundred children 

without signifi cant reactogenicity. Other 

adjuvants used by GSK include AS04 

(aluminum salt and monophosphoryl 

lipid A) used in the successful human 

papillomavirus vaccine Cervarix (Glaxo-

SmithKline plc) and AS02 used in a can-

didate malaria vaccine and has been given 

to around 7,000 adults and 3,000 children 

below 18 months of age without safety 

concerns having been identifi ed. AS02 

contains monophosphoryl lipid A, QS21, 

and an oil-in-water emulsion. 9  

 Cross-protection against other flu 

viruses does occur to some extent aft er 

natural fl u infection, 10  but has not been 

observed with conventional seasonal fl u 

vaccines. Although vaccination against 

seasonal H1N1 virus does not appear 

to protect against pH1N1 / 09, it is pos-

sible that some of the newer vaccines, 

from, for example, Novartis, GSK, or 

MedImmune, may induce worthwhile 

heterotypic protection. One of the 

major development goals must include 

vaccines that can be used year on year 

without frequent redesign in response 

to viral mutation and that off er broad 

protection. 

 Soon aft er the WHO declared pandemic 

level 6 on 11 June 2009, the UK govern-

ment completed negotiations for 132 mil-

lion doses of pH1N1 / 09 vaccine, 11  more 

than enough for everyone in the United 

Kingdom to receive two doses. Although 

vaccine manufacturers succeeded in pro-

ducing these novel vaccines in record time, 

the arrival of the first batches roughly 

coincided with the peak of the second 

wave. By this time the vaccines were tar-

geted at about 17 million people who were 

deemed at greatest risk of disease, rather 

than targeting the entire population, and 

the epidemic was already in decline in 

the Northern hemisphere. Spontaneous 

infection has left many with natural 

immunity, leaving fewer people suscep-

tible in some regions and risk groups. 

Th e uptake in some risk groups (particu-

larly pregnant women and children aged 

  Figure 1             The estimated impact of pandemic (H1N1) 2009 influenza on the UK population.  
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6 months to 5 years) was hit by the 

perception that vaccination may have 

unspecifi ed dangers and that pH1N1 / 09 

disease was generally mild. 

 Targeting vaccination at those most at 

risk of transmitting disease, rather than 

targeting those at greatest risk of com-

plications, may have a greater impact 

on community circulation of infection, 

and vaccination rates as low as 20 %  in 

key groups spreading infection may be 

enough to reduce spread in some math-

ematical models of community transmis-

sion. pH1N1 / 09 mainly spread among 

school children aged up to 18 years, but 

caregivers and health-care workers may 

also have a signifi cant role in transmitting 

infl uenza. 12  

 Conventional trivalent seasonal infl u-

enza vaccines have an excellent safety 

record. Although an increased risk of Guil-

lain – Barre syndrome was reported aft er 

the use of swine infl uenza vaccine in 1976 

in the United States, the debacle was argu-

ably political rather than vaccine related. 13  

Numerous studies have failed to show an 

increased risk of Guillain – Barre syndrome 

with later fl u vaccines, including those for 

pH1N1 / 09, 14  whereas Guillain – Barre syn-

drome remains a known complication of 

infl uenza infection. 

 The experience with vaccination 

against pH1N1 / 09 is likely to bring fresh 

approaches to vaccination against non-

pandemic seasonal fl u. Th e mold of the 

traditional trivalent vaccines has now been 

broken, the value and safety of adjuvants 

in fl u vaccines has been shown, and the 

reliance on production in eggs has been 

called into question. Th e rate of develop-

ment of live vector mucosal vaccines is 

likely to accelerate and the licensing criteria 

need to be refi ned, with redoubled eff orts 

to develop novel approaches that confer 

broad protection against diverse strains of 

infl uenza and even against multiple species 

of respiratory pathogen. 

 Th is time, we coped. Th e experience 

gained in the last 12 months has, however, 

changed our understanding of infl uenza 

outbreaks and the way in which vaccines 

against infl uenza are developed and used. 

Th e incentives toward change and the 

potential benefi ts of global cooperation 

in this area are better now than they have 

been for many years, providing an excit-

ing prospect of truly worthwhile develop-

ments in the next few years. Let us hope 

that we can do even better when the next 

pandemic arrives.     
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