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Characterization of the
Reconstructed 1918 Spanish
Influenza Pandemic Virus
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The pandemic influenza virus of 1918-1919 killed an estimated 20 to 50
million people worldwide. With the recent availability of the complete 1918
influenza virus coding sequence, we used reverse genetics to generate an
influenza virus bearing all eight gene segments of the pandemic virus to study
the properties associated with its extraordinary virulence. In stark contrast to
contemporary human influenza HIN1 viruses, the 1918 pandemic virus had
the ability to replicate in the absence of trypsin, caused death in mice and
embryonated chicken eggs, and displayed a high-growth phenotype in human
bronchial epithelial cells. Moreover, the coordinated expression of the 1918
virus genes most certainly confers the unique high-virulence phenotype
observed with this pandemic virus.
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the HA from the Tx/91 vims with the remain-
ing seven genes from the 1918 vius (Tx/91
HA:1918); a virus having the NA from 1918
with the remaining seven genes from the Tx/91
virus (1918 NA:Tx/91); and recombinant vi-
ruses having two 1918 (1918 HA/NA:Tx/91) or
five 1918 genes (1918 HANAM/NPNSTxO1)
with the remaining genes derived from the Tx/91
virus. The HA of the 1918 viruses used through-
out these studies was derived from A/South
Carolina/1/18 strain that was shown to preferen-
tially bind the «2.6 sialic acid (human) cellular
receptor (J#). The identity of the 1918 and Tw/91
influenza virus genes in the rescued viruses
was confirmed by reverse transcription poly-
merase chain reaction and sequence analysis.

The infectivity of the 1918 virus and the
ability to form plaques in the presence and in the
absence of the protease rypsin were assayed in
MDCK cells by the plaque method. The proteo-
Iytic cleavage of the HA molecule is a prereq-
uisite for multicycle replication, and the ability of
an influenza vims to replicate in the absence of
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Virulence of the 1918 virus in mice: mouse lethal dose 50 (log

pfu)
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SEVERITY OF INFLUENZA PANDEMICS
(deaths/US numbers)

e 1918-1919 (H1N1) 675 K
e 1957-1958 (H2N2)
* 1968-1969 (H3N2)

* 2009-2010 (pHIN1)  8-18K




ORIGIN OF GENES OF THE 2009 SWINE
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Pandemic Influenza: What’s Next?

“BIRDFLU

Is Asia
hatching
the next human
pandemic?

HSN1 in wild birds [_]
H5N1 in poultry and wild birds [IT]
H5N1 in humans B




Confirmed Human H5N1 Cases

Cases Deaths

Azerbaijan 8 5
Bangladesh 3 0
Cambodia 16 14
China 40 26
Djibouti 1 0
Egypt 150 52
Indonesia 178 146
Iraq 3 2
Lao 2 2
Myanmar 1 0
Nigeria 1 1
Pakistan 3 1
Thailand 25 17
Turkey 12 4

Viet Nam 119 59
Total 562 329 WHO

THE AVIAN H5N1 INFLUENZA
VIRUS DOES NOT
EFFICIENTLY TRANSMIT
FROM HUMAN TO HUMAN
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An Englneered Doomsday

A lethal virus neéds to be destroyed, or better contained, and future research closely revnewed

* Scientists have long worried that an influenza virus
that has ravaged poultry and wild birds in ‘Asia might
evdvewposenthrwmhumans.Ncwsumustsﬁnamd
by the National Institutes of Health have shown in a labora-
tory how that could happen. In the p they. da
msﬂwtewldkmmscrhmmdmﬂﬁonsc[peopleﬂ
it escaped confinement or was stolen by terrorists.

_andﬂwtwosdmﬂﬂcjmmalsthatplanmpubllshunm
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to unleash a devastating That | il
indudesdemﬂsmhuwmeengineeredﬂmswasmm
details on the p that allowed it to go
airborne.
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An Engineered Doomsday

A lethal virus neéds to be destroyed, or better contained, and future research closely reviewed

* Sclentists have long worried that an influenza virus
that has ravaged poultry and wild birds in Asia might
evolve to pose a threat to humans. Now scientists financed
by the National Institutes of Health have shown in a labora-
tory how that could happen. In the process they created a
virus that eould kill tens or hundreds of millions of people if
it escaped confinement or was stolen by terrorists.

We nearly champion unfettered scientific re-
search and open publication of the results. In this case it
looks like the research should never have been undertaken
because the potential harm is socamu-opm: and the poten-
tial benefits from studying the virus

Unless the scientific community and health officials can
provide more persuasive justifications than they have so
far, the new virus, which is in the Netherlands, ought to be
destroyed. Barring that, it should be put in a few govern-
ment-controlled laboratories with the highest containment
rating, known as biosafety level 4. That is how the United
States and Russia contain samples of smallpox, which poses
nowhere near the same danger of global devastation.

In the future, it is llnpa‘auve that any such experi-
ments be r al; ﬁor
erahly through an i

and the two scientific journals that plan to publish the stud-
ies omit any detaﬂs that mlght help terrorists l‘tgure out how
to unleash a That
mdudesmusonhwlhemglneeudvmmmmmd
details on the precise mutations that allowed it to go
airborne.

We doubt that ng at all should be
seems clear that something will be.

‘The two journals reviewing the papers seem inclined to
follow the advisory buan:ls recommendations that the re-
search be form, provided there is
some way for wbuneed the to gain
access to the full details. The Erasmus team believes that
more than 100 laboratories and perhaps 1,000 scientists
around the world need to know the precise mutations to
look for. That would spread the information far too widely. It~
should suffice to have a few of the most sophisticated lab-
oratories do the analyses.

of the h in claim it will
provide two major. benefits for protecting global health.
First, they say the findings could prove helpful in monitor-
im virus samples from infected birds and animals. If genet-

blished, but it

by governmental tunam.gagencies belortuwymund.er
taken, not after the fact as is happening in this case.

The most fri was done by
at the Erasmus Medical Center in Rotterdam, who sought to
discover how likely it is that the “bird flu” virus, designated

is found a virus somewhere that was only one or
mmuuﬂmaw’a?hmgmuirbumﬂ public health offi-
cials would then know to bear down aggressively in that
mmlh!mhmnnncommwlmmfnchedwulu'yandﬂmp

But it is hls‘wy uncertain, even impmbab]e that the vi-
rus would along the prodded in a

A(H5N1), might mutate from a form that seldom infects or
spreads among humans into a form highly by
coughing or sneezing. Thus far the virus has infected close
to 600 humans and killed more than half of them, a fatality
rate that far exceeds the 2 percent rate in the 1918 influenza
pandemic that killed as many as 100 million people.
‘Working with ferrets, the animal that is most like hu-
mans in to infl the s found that
a mere five genetic mutations allowed the virus to spread
through the air from one ferret to another while maintaining

. But genetic ch

X so the benefit of looking for these
five mumuons seems marginal.

A second postulated benefit is that the engineered vi-
rus can be used to test whether existing antiviral drugs and
vaccines would be effective against it and, if they come up
short, design new drugs and vaccines that can neutralize it.
that aifect do not nec-
essarily change the properties that make a virus susceptible
to drugs or to the antibodies produced by a vaccine, so that

its lethality. A separate study at the Uni of Wiscon-
&in, about which little is known publicly, produced a virus
that is thought to be less virulent.

These findings led to an unprecedented request from
an American federal advisory board that the researchers

may not yield much useful new information.
‘We cannot say there would be no benefits at all from
studying the virus. We respect the researchers® desire to
protect public health. But the consequences, should the vi-
rus escape, are too devastating to risk.




