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Proper surveillance, stockpiling of effective anti-
virals and preventative vaccination strategies are 
the keys to preparing for the next influenza pan-
demic, according to panelist Ab Osterhaus, Erasmus 
University researcher and ESWI’s chairman. The 
Dutch researcher acknowledged that uncertainty 
about candidate vaccines’ efficacy and safety will 
determine the feasibility and success of a pandemic 
vaccination strategy. But he also said new vaccines 
that induce broader and longer-lasting protection at 
lower doses than today’s seasonal vaccines are prov-
ing effective in pre-clinical and clinical evaluations.
Moreover, Osterhaus argues that, due to novel tech-
niques such as reverse genetics, vaccine production 
capacity will increase to levels where eventually a 
“substantial proportion of the world population 
could be vaccinated.” Such techniques are shorten-

ing the time between identification of a nascent 
pandemic virus and the administration of the first 
doses of a vaccine, he said. Referring to new adju-
vants and delivery systems, he said “if you compare 
what we have today versus three years ago, the field 
has changed completely.”
Yet until foolproof protection against a human-
transmissible H5N1 has been developed, the op-
timal strategy “is to contain the nascent strain of 
influenza at the source,” said panelist Ira Longini, 
professor and biostatistics researcher at Seattle-
based University of Washington. Longini described 
methods for estimating vaccine efficacy and talked 
about the impact on virus propagation of modeling 
different combinations of antiviral agents, vaccines 
and mobility restrictions such as school closures 

and travel bans. 
If containment fails, “then the best strategy is to 
slow the spread until a well-matched vaccine can be 
made and distributed,” Longini said. “Ideally, I would 
recommend that every country have enough anti-
virals to cover at least 60 percent of its population 
and enough vaccines to cover 70 percent.” But he 
also warned that “we need better kinetics data that 
show how quickly antibodies develop after first and 
second doses.  I hate to say it, but to calibrate this we 
need human challenge studies for H5N1.”  
So how to define the best vaccine approach?  As 
many public health authorities have discovered, this 
is always a controversial task and often a difficult 
one to nail down. Some countries base their vaccine 
policy on statistics and survivability, while others 
lean toward economic or social considerations.  
Whether policy reflects consensus is another factor, 
with some authorities simply mandating a science-
guided policy and others reaching for as wide a 
view as possible. The latter was the US choice, for 
example, when it set up an interagency workgroup 
in 2006 to define the priorities for a pandemic vac-
cine policy, as panelist Benjamin Schwartz of the US 
Department of Health and Human Services told the 
session.
The interagency group held public meetings with 
demographically diverse vaccine stakeholders 
across New Mexico, New York State and Washing-
ton DC.  The stakeholders roughly agreed that the 
following four vaccine target audiences were the 
most important, in descending order: health care 
workers, essential community service providers, per-
sons at high-risk of infection and, finally, children. 
Electronic polling and web dialogue during the 
consultations “confirmed the values on which the 
strategy was based and the choice to target children 
before the elderly and those with chronic illness,” 
Schwartz told his audience. 
In the event of a pandemic “all vaccine produced in 
the US will be purchased by the government so that 
we can allocate the vaccine and target priority groups 
via State and local authorities,” Schwartz said.
In conclusion, Osterhaus expressed confidence that 
scientific and technological advances will enable the 
world to prepare vaccines “in sufficient quantities 
and in time to mitigate the next influenza pandemic, 
or perhaps even nip it in the bud. But collectively we 
must decide what priority should be given to this 
unprecedented life-saving opportunity in global 
health care.”  ■

The struggle to better understand – and defeat – 
influenza continues from many different angles. The 
new generation of influenza researchers are becom-
ing increasingly sophisticated, and creative, in their 
approaches.

The best guinea pigs are… 
guinea pigs
Before pursuing specific solutions, it helps to first 
understand how the influenza virus is transmitted. 
With this in mind, Dr. Anice Lowen and a team of 
scientists at the Mount Sinai School of Medicine 
have characterised the guinea pig as a model host 
for influenza. 
Unlike mice, guinea pigs are highly susceptible to in-
fection with human influenza isolates and transmit 
these viruses efficiently, by both aerosol and contact 
routes. “Vaccines should be evaluated for their effi-
cacy in preventing transmission,” stated Lowen, “and 
the guinea pig is a suitable animal model in which 
to do this.”

The virulence of pandemic viruses
Dr. Julie McAuley, from St. Jude Children’s Research 
Hospital, and colleagues sought to better under-
stand virus pathogenicity by reengineering the 
1918 influenza A virus. The researchers zeroed in 
on the pro-apoptotic protein PB1-F2. Using reverse-
genetics, they generated a mutant influenza A virus 
and engineered the A/Puerto Rico/8/34 strain to 
express 1918 PB1-F2.
The virus expressing the 1918 PB1-F2 exhibited 
enhanced growth characteristics in vitro, was more 
virulent in mice, induced a heightened cellular and 
inflammatory cytokine response, caused more se-
vere pulmonary immunopathology and potentially 
made individuals more susceptible to secondary 
bacterial pneumonia. These and other findings 
implicate PB1-F2 as an important virulence factor. 
“We believe that PB1-F2 may have contributed to 
the unparalleled virulence of the 1918 strain and 
the high incidence of fatal pneumonia during the 
pandemic,” stated McAuley.

The global circulation of seasonal 
influenza a viruses
Dr. Colin A. Russell from the University of Cambridge 
and colleagues studied the global migration routes of 
influenza viruses. They analysed the hemagglutinin 
of ~13,000 human influenza A (H3N2) viruses from 
six continents during 2002-2007. They discovered 
that each year epidemics in the temperate regions 
were seeded by viruses from East and Southeast Asia. 
“There is a continuous circulation of the influenza 
A virus in East and Southeast Asia via a regional 
network of temporarily overlapping epidemics,” 
said Russell, “It’s like runners passing a baton in a 
relay race that never ends.” The researchers 
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Japanese vaccination of 
frontline healthcare workers

“According to our national pandemic con-

tingency plan, our stockpile of 30 million 

courses of h5n1 pre-pandemic vaccine will 

only be used after we reach Who Phase 4. 

however, it takes 1½ months to prepare the 

fi nal product and it takes another month or 

so to administer, and since we’re near the 

potential pandemic epicentre we’ve decided 

to vaccinate our frontline healthcare work-

ers. We’ve already completed a clinical trial 

with 1,000 volunteers and have vaccinated 

another 6,000 people for clinical research. 

ultimately – and assuming no adverse events 

– we plan to vaccinate 10 million frontline 

professionals on a voluntary, priority basis. 

That’s 8% of our total population.”

dr. m. Tashiro, director, 
national institute of infectious diseases
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PRE-PANDEMIC RIDDLE: 
MIX-&-MATCH SOLUTION

Predicting a pandemic virus is 
impossible, so how to choose a 

pre-pandemic vaccine?
“The US approach is to mix-and-match,” 
says Dr. Nancy Cox of Atlanta-based CDC. 

“We take vaccines from different sub-
groups of H5N1, mix them with various 
adjuvants and examine the height and 

breadth of antibodies during trials.  
Hopefully, we’ll learn which antigen/

adjuvant combinations provide the best 
antibody response for pre-pandemic 

vaccine stockpiling.”
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Europe’s wader birds are not a sig- −
nifi cant vector for low pathogenic 
avian infl uenza?
immunity in pigs to H1N1 viruses  −
may provide limited protection 
against low pathogenic strains of 
H5N1? 
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Antivirals have been seen as an important treatment 
option in the fight against the emerging influenza A 
H5N1 viral strain and a potential pandemic threat. 
This has led to the stockpiling of neuraminidase 
inhibitors (NAI) such as oseltamivir. 

Natural resistance to oseltamivir has emerged among 
recently circulating A H1N1 viruses, however, and – 
in the absence of drug use – has spread widely. A 
mutation in the neuraminidase protein at position 
275 (H275Y) was responsible for the antiviral resist-
ant phenotype.

Improved transmission of resistant 
strains
Until 2007, most of the resistant iso-
lates showed reduced fitness. The re-
duction in fitness was responsible for 
the poor transmission rates of resist-
ant strains. Recently, however, viruses 
have emerged that are both resistant 
and transmit well. “Substrate affin-
ity of the neuraminidase enzyme may 
contribute to the ability to tolerate the 
usually debilitating H275Y mutation,” 
said Maria Zambon of the UK’s Health 
Protection Agency, “and this increases 
the fitness of virus strains carrying this 
mutation.”

The molecular basis behind 
increased resistance 
Researchers at the Institut Pasteur have 
attempted to understand the molecu-

lar basis underlying the fitness of the resistant H1N1 
viruses that emerged during the 2007/2008 season. 
They determined the N1 enzymatic properties and 
susceptibility to NAI for a selection of H1N1 viruses 
isolated as part of routine surveillance. 
The N1 of 2007/2008 H1N1 viruses exhibited 
higher catalytic efficiency compared to the N1 of 
previously circulating viruses. This had the poten-
tial to impair the balance between the activities of 
NA (the destroying receptor enzyme) and HA (the 
receptor binding protein). Under this circumstance, 
the H275Y mutation, which decreased the catalytic 
efficiency of the resistant N1 as expected, may cor-
rect the defect in the HA/NA balance. This could 
partly explain the unexpected fitness of resistant 

H1N1 viruses. “Natural changes in the enzymatic 
properties of the NA of recent H1N1 viruses may be 
responsible for the emergence and spread of these 
naturally resistant viruses,” said Dr. Marie-Anne 
Rameix-Welti.

Is your antiviral stockpile worthless?
While the fitness and transmission properties of 
the antiviral resistant H275Y mutation are cause 
for concern, this does not mean that oseltamivir is 
no longer of use. There are substantial differences 
between H1N1 and H5N1, and there is no evidence 
yet that a similar mutation has happened or can 
happen in H5N1. “Keep your boxes,” said Zambon, 
“they may still be useful to you.”  ■

How avian influenza propagates itself – within and 
between bird populations, and between species – is 
still riddled with questions. Knowledge is increasing, 
however, as scientific inquiry widens to include 
ecologies beyond the migratory duck as the main 
reservoir of avian flu. Other species – resident birds 
and swans, migratory geese and shore birds such as 
waders and gulls – are now gaining the attention of 
researchers, as are the different ways that influenza 
viruses are perpetuated on either side of the Atlantic 
in migratory and commercial bird populations. Re-
search is also focusing on the apparent protection 
against low pathogenic H5N1 in pigs by existing 
immunity to the H1N1 swine influenza virus.
These ideas were explored during Tuesday’s early 
afternoon session entitled “Animal flu-ecology”, 
whose panelists identified some striking anomalies 
in the role of migratory and commercial bird flocks 
in Europe and the United States. 
Robert Webster of St Jude’s Children’s Research 
Hospital notes that “there is no evidence to date of 
any highly pathogenic Asian H5N1 in the Americas” 
despite the fact that more than six million waterfowl 
of 35 species migrate between Eurasia and Alaska. 
“Have we overblown the threat situation?” asked 
Webster. “I don’t think so: as long as it is present in 
Asia, Africa and elsewhere, then we have to treat it as 
a threat and give it our serious attention.”
By contrast, there have been recent but limited 
incursions of migration-related H5N1 into backyard 
and commercial poultry populations in Europe, 
which was the focus of an epidemiological study 
presented by Ian Brown and his research colleagues 
from the UK’s Veterinary Laboratory Agency. “The 
key factor is this virus is transmitting in both direc-
tions:  from wild to domestic and vice versa.  It does 
raise questions about the long-term persistence in 
wild birds as the only reservoir,” Brown observed.
As for low pathogenic avian influenza (LPAI) virus, 
surveillance of northeastern US live bird markets 
(LBMs) confirms its presence, according to the re-
search team of David Suarez, who works at Athens, 
Georgia-based Southeast Poultry Research Labora-
tory. In their paper his team argues that the north-
east US region’s live bird markets have “consistently 
been a niche” for flu where other markets have not. 
However, Suarez noted that “wild bird surveillance 
at the current level does not appear useful for pre-

diction of low pathogenic introduction in LBMs.”
LPAI’s propagation follows a different pattern 
in Europe. As observed in a paper presented by 
Vincent Munster of Erasmus University Medical 
Centre, Europe’s wader birds “do not appear to play 
a significant role in the epidemiology of LPAI virus, 
in contrast to what has been suggested for North 
America.”  
According to their research, evidence of LPAI-
infected migratory ducks indicates that “wild birds 
are suffering more from infection than previously 
realised” while recent analysis of resident waterfowl 
in Dutch urban parks and ponds shows proof of in-
fection as well. Such results imply that, in case of any 
widespread prevalence of high pathogenic H5N1 

virus in wild birds, “control measures should not be 
limited to rural areas,” Munster said. 
Finally, participants heard encouraging evidence 
from researchers at Ghent University that immunity 
in pigs to H1N1 swine flu may provide limited pro-
tection against low pathogenic strains of H5N1. 
“These findings suggest that people with a solid 
immunity to human H1N1 influenza virus may be 
protected to some extent against H5N1 AI viruses,” 
stated a paper presented by Kristien Van Reeth. 
“Further studies should therefore reveal whether 
increasing levels of immunity to H1N1 in humans 
could be a possible pandemic strategy against 
H5N1,” observed Van Reeth.   ■
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concluded that the antigenic characteristics of 
A (H3N2) viruses outside East and Southeast 

Asia may be forecast each year based on surveillance 
within East and Southeast Asia, with implications for 
vaccine strain selection. 

The genetics of packaging
Edward Hutchinson and colleagues at the University 
of Cambridge examined the role of genome pack-
aging. They designed a reverse genetics screen for 
cis-acting sequences in the coding region of M1 and 
M2, targeting codons with low levels of synonymous 

variation. Hutchinson and colleagues discovered 
that the introduction of synonymous point muta-
tions into these codons rendered the virus defective 
by interfering with the mechanism of genome pack-
aging when the virus is grown in eggs. 

The link with the nervous system
Dr. Kristie Grebe and colleagues analysed the link be-
tween the nervous and immune systems. Following 
influenza A virus infection both the hypothalamic-
pituitary axis and the sympathetic nervous system 
are activated. Grebe and colleagues at the National 

Institute of Allergy and Infectious Diseases in the 
US used 6-hyroxydopamine (6-OHDA) treatment 
to chemically disrupt communications between the 
two systems in mice. Their study showed that mice 
treated in this way had reduced pathology and a 50% 
higher chance of survival. “Our research shows that 
the sympathetic nervous system can dramatically 
influence the host response to influenza,” stated 
Grebe, “we should take into account the entire sys-
tem when looking for ways to fight influenza.” ■

Antiv irals and Res istance     

Animal flu-ecology➡

19 January 5 of 7 Norwegian isolates found to be oseltamivir resistant (Virgil Programme)

20 January Repeat analysis confirms resistance findings

21-24 January Testing of 200 isolates from 10 European countries confirms presence of resistant 
virus in multiple countries

25 January Norway uses International Health Regulation (IHR) to notify member countries−−
ECDC convenes conference call−−
WHO notifies other countries and contacts manufacturer−−

28 January Data received from SE Asia, Japan and Hong Kong indicating low levels of resistance

29 January Publication of European data

31 January WHO provides update to all member states via IHR

Source: Dr. Maria Zambon, Health Protection Agency, UK


