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In 1918, Philadelphia medical schools dismissed
students to assist in caring for the onslaught of
influenza-infected patients in local hospitals. One such
student was Isaac Starr, who wrote a chilling
description of what he observed: “After gasping for
several hours they became delirious and incontinent,
and many died struggling to clear their airways of a
blood-tinged froth that sometimes gushed from their
nose and mouth”.1 86 years later, the patho-
physiological basis of Starr’s description has been
elucidated. Using reverse genetics, scientists have
created the 1918 H1N1 influenza virus haemag-
glutinin glycoprotein and made recombinant influenza
viruses containing this haemagglutinin.2 Infecting
mice with this virus leads to dramatically enhanced
pathogenicity compared with parental viruses without
this haemagglutinin. The virus containing the 1918
haemagglutinin attacks the entire anatomy of the
lung (ie, the bronchi, bronchioles, and alveoli) and is
associated with high levels of macrophage-derived
proinflammatory chemokines and cytokines, leading
to massive infiltration of neutrophils and severe
haemorrhage. Recent data suggests that the 1918
haemagglutinin gene was avian in origin.3–5

Humanity may well be on the brink of the next great
pandemic and we are scantily clad to protect ourselves
from a virus that will surely thin the herd. Highly
pathogenic H5N1 avian influenza is evolving at a
frightening pace across Asia and is headed towards a
breach in the fabric of our society. In just the past few
years, this virus has spread into domestic poultry,6 has
a lower lethal dose in mammalian animal models of

infection,7 causes silent infection in domestic ducks,
can now infect cats (killing rare tigers and leopards in
Asian zoos) and pigs (which, similar to human beings,8

serve as “mixing vessels” allowing human and avian
influenza genes to commingle within cells), and, from
Jan 2004 to the present, has infected at least 115
human beings, resulting in a 50% mortality. 

There are three components necessary for a virus to
cause a human pandemic: (1) an ability to infect
human beings; (2) a vulnerable population without
innate immunity; and (3) rapid, efficient person-to-
person spread. H5N1 has met the first two criteria. The
virus appears to have spread person-to-person in 1997
and 20049,10 but cannot do so easily, as evidenced by
the lack of nosocomial transmission in a Thai hospital
despite a lack of isolation precautions during the first
few days of illness before the disease was recognised as
avian influenza.11 However, because of the multiplicity
of mutations during replication of this RNA virus
without error-proofing ability and with a segmented
genome that facilitates recombination events in
nature, it is only a matter of time until H5N1 picks up
the genes necessary for high transmissibility among
people. When this happens, quarantine will not halt
the rampage of this virus around the globe as it did
with severe acute respiratory syndrome (SARS).12

Influenza can be transmitted before symptom onset
and is highly contagious during the first few days of
illness. By contrast, the SARS coronavirus is not
contagious before symptom onset and appears to be
most contagious 7–8 days afterwards.13 As with
SARS,14 rapid global dissemination of H5N1 via air
travel will occur.15

WHO has a sophisticated programme in place for
rapid detection of avian influenza. However, we are
presently ill prepared to deal with an announcement
from WHO that the pandemic has begun. We have no
vaccine stockpile. H5N1 is already resistant to a class
of antiviral compounds called M2 protein inhibitors.16

Fortunately, the virus is susceptible to neuraminidase
inhibitors, which in an animal model reduces mortality
from 100% to 30% even when administered 60 hours
after virus inoculation, and mortality is reduced to
10% when given 24 hours after virus inoculation.17

These antiviral agents are also effective as prophylactic
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agents in animal models.17 According to WHO, the
“best case scenario of the next pandemic is 2 to 7
million people would die”, in the worst case, the virus
could cause 50 million deaths.18

What is needed to assure civil order, maintain a
functioning government, and minimise the carnage
when H5N1 successfully crosses the species barrier to
human beings? Governments need to get the message
that avian influenza may be the greatest threat to
human health in the world today. We need an
unparalleled expenditure of resources from global
leaders to the scientific community for vaccine
development that circumvents the need for
processing in chicken embryos; one that is nimble,
malleable, and can be mass-produced, stored easily,
and successfully induces protective immunity. This
development is important because the virus is
evolving so quickly that a vaccine made against the
H5N1 virus circulating in 2003 may be ineffective in
fully protecting against the virus that was circulating
in 2004.19 We need to radically ramp up the production
and stockpiling of currently licensed neuraminidase
inhibitors and get fast-track approval of new
neuraminidase inhibitors that have potent activity
against H5N1. H5N1 infection in animal models, and
in human beings, causes upregulation of cytokines
reminiscent of the 1918 H1N1 virus.20,21 Thus, we need
effective drugs that interrupt such mediators of sepsis,
since treatment of H5N1 with antiviral drugs alone will
prevent some, but not all deaths, similar to what is
observed in treating meningococcal infections with
antibiotics to which the aetiological agent is
susceptible. 

We have draft recommendations from WHO and the
US Department of Health and Human Services
regarding how to prepare hospitals for the next
pandemic, but without massive quantities of effective
drugs and available vaccines, governments will be hard
pressed to maintain stability during the pandemic and
they will be unable to convince survivors of why, in an
era of unprecedented scientific advances, we could not
do better. The time for action is now. 
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