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SUMMARY.

The" Spanish” influenzapandemic of 1918-1919,
which caused =50 million deathsworldwide, remains
anominouswarning to public hedth. Many questions
about itsorigins, itsunusua epidemiologic features,
and the basi s of its pathogenicity remain unanswered.
The public health implications of the pandemic
therefore remain in doubt even aswe now grapple
with the feared emergence of apandemic caused by
H5N1 or other virus. However, new information about
the 1918 virusisemerging, for example, sequencing
of the entire genome from archival autopsy tissues.
But, the viral genome aoneisunlikely to provide
answersto somecritica questions. Understanding the
1918 pandemic and its implications for future
pandemicsrequires careful experimentation and in-
depth historica analyss.
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RESUMEN.
Influenza en 1918: La madre de todas las
pandemias.

Lapandemiadeinfluenza“ Espariola’ de 1918-
1919, causd arededor de 50 millones de muertes
arededor de mundoy permanece como unaominosa
advertenciaparalasalud pablica. Muchas preguntas
sobre su origen, sus caracteristicas epidemiol ogicas
poco comunes y las bases de su patogenia
permanecen sin respuesta. Por lo tanto, las
implicaciones en salud publicade estapandemia, aln
nos hacen dudar de como vamos aenfrentarnos con
|latemidaemergenciade una pandemia causada por
el H5N1 o por otros virus. Sin embargo, nueva
informacion acercade virusde 1918 estaemergiendo,
como lasecuenciacion completadel genomadd virus
en tgjidos de autopsiaarchivados. Pero el genoma
vird solo, espoco factible que proporcionerespuestas
aagunaspreguntas criticas. Entender lapandemiade
1918 y sus implicaciones para futuras pandemias
requiere de una cuidadosa experimentacion y un
profundo andisishistérico.
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"Curiouser and curiouser!" cried Alice
LewisCarroll,Alice sAdventuresin Wonderland,
1865

An estimated onethird of theworld'spopulation
(or =500 million persons) were infected and had
clinicaly apparent illnesses (1, 2) during the 1918-
1919 influenza pandemic. The disease was
exceptiondly severe. Case-fatdity rateswere>2.5%,
compared to <0.1% in other influenzapandemics (3,
4). Total deathswere estimated at =50 million (5-7)
and were arguably ashighas 100 million (7).

Theimpact of thispandemic wasnot limited to
1918-1919. All influenzaA pandemicssincethat time,
andindeed amost dll casesof influenzaA worldwide
(excepting human infectionsfrom avian virusessuch
as H5N1 and H7N7), have been caused by
descendants of the 1918 virus, including "drifted"
HAIN1 viruses and reassorted H2N2 and H3N2
viruses. Thelatter are composed of key genesfrom
the 1918 virus, updated by subsequently incorporated
avian influenza genes that code for novel surface
proteins, making the 1918 virusindeed the " mother"
of dl pandemics.

In 1918, the cause of human influenzaand its
links to avian and swine influenzawere unknown.
Despite clinical and epidemiologic similarities to
influenzapandemicsof 1889, 1847, and eveneaxrlier,
many questioned whether such an explosively fatal
disease could beinfluenzaat dl. That question did not
begin to be resolved until the 1930s, when closely
related influenzaviruses (now knownto be HIN1
viruses) were isolated, first from pigs and shortly
thereafter from humans. Seroepidemiologic studies
soon linked both of thesevirusesto the 1918 pandemic
(8). Subsequent research indicatesthat descendants
of the 1918 virusdtill perdstsenzocticaly inpigs. They
probably also circulated continuously in humans,
undergoing gradua antigenic drift and causing annua
epidemics, until the 1950s. With the appearance of a
new H2N2 pandemic strainin 1957 ("Asanflu®), the
direct HIN1 vira descendantsof the 1918 pandemic
strain disappeared from human circulation entirely,
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athough therdlated lineage persisted enzooticaly in
pigs. But in 1977, human H1N1 viruses suddenly
"reemerged” from a laboratory freezer (9). They
continueto circulate endemicaly and epidemicaly.

Thusin 2006, 2 major descendant lineages of
the1918 HIN1 virus, aswell as2 additiond reassortant
lineages, perdst naturdly: ahuman epidemic/endemic
H1N1 lineage, aporcineenzootic HIN1 lineage (so-
called classic swineflu), and the reassorted human
H3N2viruslineage, which likethehuman HIN1virus,
has led to a porcine H3N2 lineage. None of these
viral descendants, however, approaches the
pathogenicity of the 1918 parent virus. Apparently,
the porcine HIN1 and H3N2 lineages uncommonly
infect humans, and the human H1IN1 and H3N2
lineages have both been associated with substantialy
lower ratesof illnessand death than thevirusof 1918.
Infact, current HIN1 desth rates are even lower than
thosefor H3N2 lineage strains (prevalent from 1968
until the present). HIN1 viruses descended from the
1918 gtrain, aswell asH3N2 viruses, have now been
cocirculating worldwidefor 29 yearsand show little
evidence of imminent extinction.

Trying ToUnder stand What Happened.

By the early 1990s, 75 years of research had
falled to answer amost bas ¢ question about the 1918
pandemic: why wasit so fatal? No virusfrom 1918
had been isolated, but al of itsgpparent descendants
caused substantialy milder human disease. Moreover,
examination of mortdity datafromthe 1920ssuggests
that withinafew yearsafter 1918, influenzaepidemics
had settled into a pattern of annual epidemicity
associated with graindrifting and subgtantidly lowered
death rates. Did some critical viral genetic event
produceal918 virusof remarkable pathogenicity and
then other critical genetic event occur soon after the
1918 pandemicto produce an atenuated HIN 1 virus?

In 1995, a scientific team identified archival
influenzaautopsy materialscollected intheautumn of
1918 and began the dow processof sequencing small
viral RNA fragments to determine the genomic
structure of the causativeinfluenzavirus(10). These
efforts have now determined the compl ete genomic
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sequenceof 1virusand partid sequencesfrom4 others.
The primary datafrom the above studies (11-17) and
anumber of reviews covering different aspectsof the
1918 pandemic have recently been published (18-20)
and confirm that the 1918 virusisthelikely ancestor
of al 4 of the human and swine HIN1 and H3N2
lineages, aswell asthe"extinct" H2N2 lineage. No
known mutations correl ated with high pathogenicity
inother human or anima influenzaviruseshave been
foundinthe 1918 genome, but ongoing studiesto map
virulencefactorsareyieding interesting results. The
1918 sequence data, however, leave unanswered
questionsabout the origin of thevirus (19) and about
the epidemiology of the pandemic.

When and Where Did the 1918 Influenza
PandemicArise?

Beforeand after 1918, most influenzapandemics
developedinAsiaand spread fromthereto therest of
the world. Confounding definite assignment of a
geographic point of origin, the 1918 pandemic spread
moreor lesssmultaneoudy in 3 distinct wavesduring
an=12-month periodin 1918-1919, in Europe, Asa,
and North America(thefirst wavewas best described
inthe United Statesin March 1918). Historical and
epidemiologic data are inadequate to identify the
geographic origin of the virus (21), and recent
phylogenetic andysisof the 1918 viral genomedoes
not placethevirusin any geographic context (19).

Althoughin 1918influenzawasnot anationaly
reportable disease and diagnogtic criteriafor influenza
and pneumoniawerevague, death ratesfrominfluenza
and pneumoniain the United States had risen sharply
in 1915 and 1916 because of a mgjor respiratory
disease epidemic beginning in December 1915 (22).
Death ratesthen dipped slightly in 1917. Thefirst
pandemic influenzawave appeared in the spring of
1918, followed inrapid success on by much morefatd
second and third wavesinthefall and winter of 1918-
1919, respectively (Figure 1). Isit possible that a
poorly-adapted HIN1 viruswas aready beginning
to spread in 1915, causing some seriousillnessesbut
not yet sufficiently fit to initiate apandemic? Data
consistent with this possibility werereported at the

1918 I nfluenza.

timefrom European military camps(23), but acounter
argument isthat if astrain with anew hemagglutinin
(HA) was causing enough illness to affect the US
nationa death ratesfrom pneumoniaand influenza, it
should have caused apandemic sooner, and when it
eventudly did, in 1918, many peopleshould havebeen
immuneor a least partialy immunoprotected. "Herd d"
eventsin 1915, 1916, and possibly eveninearly 1918,
if they occurred, would bedifficult to identify.
The1918influenzapandemic had another unique
feature, the s multaneous (or nearly ssmultaneous)
infection of humansand swine. Thevirusof the1918
pandemic likely expressed an antigenically novel
subtype to which most humans and swine were
immunologically naivein 1918 (12, 20). Recently
published sequence and phylogenetic andyses suggest
that the genes encoding the HA and neuraminidase
(NA) surface proteins of the 1918 viruswerederived
fromanavianlikeinfluenzavirusshortly beforethegart
of the pandemic and that the precursor virus had not
circulated widely in humans or swine in the few
decadesbefore (12, 15, 24). More recent analyses
of the other gene segments of the virus also support
this conclusion. Regression analyses of human and
swineinfluenzasequencesobtained from 1930 to the
present place the initial circulation of the 1918
precursor virusin humansat gpproximately 1915-1918
(20). Thus, the precursor was probably not circulating
widely in humansuntil shortly before 1918, nor did it
appear to have jumped directly from any species of
bird sudiedto date (19). Insummary, itsoriginremains

puzzing.

Figure 1.- Three pandemic waves: weekly combined
influenza and pneumonia mortality, United Kingdom,
1918-1919 (21).

Vol.17/No. 1/Ener o-M ar zo, 2006
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Werethe 3Wavesin 1918-1919 Caused by the
SameVirus?If So, How and Why?

Historica recordssincethe 16th century suggest
that new influenza pandemics may gppear a any time
of year, not necessarily inthefamiliar annual winter
patternsof interpandemic years, presumably because
newly shifted influenzavirusesbehavedifferently when
they find auniversal or highly susceptible human
population. Thereafter, confronted by the selection
pressures of population immunity, these pandemic
virusesbeginto drift geneticaly and eventual ly settle
into apattern of annual epidemic recurrences caused
by thedrifted virusvariants.

In the 1918-1919 pandemic, afirst or spring
wave began in March 1918 and spread unevenly
through the United States, Europe, and possibly Asia
over the next 6 months (Figure 1). llInessrateswere
high, but death rates in most locales were not
appreciably above normal. A second or fall wave
spread globally from September to November 1918
and was highly fatal. In many nations, athird wave
occurredinearly 1919 (21). Clinical smilaritiesled
contemporary observersto concludeinitialy that they
were observing the same disease in the successive
waves. Themilder formsof illnessindl 3waveswere
identical and typical of influenza seen in the 1889
pandemic and in prior interpandemic years. In
retrospect, even the rapid progressions from
uncomplicated influenzainfectionstofatal pneumonia,
ahallmark of the 1918-1919 fall and winter waves,
had been noted intherdatively few severespringwave
cases. Thedifferencesbetween thewavesthus seemed
to be primarily in the much higher frequency of
complicated, severe, andfatal casesinthelast 2waves.

But 3 extensive pandemic waves of influenza
within 1 year, occurring inrapid succession, with only
the briefest of quiescent interval s between them, was
unprecedented. The occurrence, and to some extent
the severity, of recurrent annua outbreaks, aredriven
by vird antigenic drift, with an antigenic variant virus
emerging to become dominant approximately every 2
to 3 years. Without such drift, circulating human
influenzaviruseswould presumably disappear once
herdimmunity had reached acriticd threshold at which
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further virusspread was sufficiently limited. Thetiming
and spacing of influenzaepidemicsininterpandemic
years have been subjects of speculation for decades.
Factorsbelieved to beresponsibleinclude partid herd
immunity limiting virus spread in all but the most
favorable circumstances, which include lower
environmental temperatures and human nasal
temperatures (beneficia to thermolabilevirusessuch
asinfluenza), optimal humidity, increased crowding
indoors, and imperfect ventilation due to closed
windows and suboptimal airflow.

However, such factors cannot explain the 3
pandemic waves of 1918-1919, which occurredin
the spring-summer, summer-fall, and winter (of the
Northern Hemisphere), respectively. Thefirst 2 waves
occurred at atime of year normally unfavorableto
influenza virus spread. The second wave caused
smultaneous outbreaksin the Northern and Southern
Hemispheres from September to November.
Furthermore, the interwave periodswere so brief as
to beamost undetectablein somelocaes. Reconciling
epidemiologically the steep drop in casesin thefirst
and second waveswith the sharp risesin cases of the
second and third wavesisdifficult. Assuming even
trangent pogtinfectionimmunity, how could susceptible
persons betoo few to sustain transmission at 1 point
and yet enough to start anew explosive pandemic
waveafew weekslater? Could the virushave mutated
profoundly and almost simultaneously around the
world, inthe short periods between the successive
waves?Acquiring vird drift sufficient to produce new
influenza strains capable of escaping population
immunity isbdievedtotakeyearsof globd circulation,
not weeksof local circulation. And having occurred,
such mutated virusesnormally take monthsto spread
around theworld.

At the beginning of other "off season” influenza
pandemics, successive distinct waveswithin ayear
have not been reported. The 1889 pandemic, for
example, began in thelate spring of 1889 and took
several months to spread throughout the world,
peaking in northern Europe and the United Stateslate
in 1889 or early in 1890. The second recurrence
peaked inlate spring 1891 (morethan ayear after the
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first pandemic appearance) and thethird in early 1892
(21). Aswastruefor the 1918 pandemic, the second
1891 recurrence produced of themost deaths. The 3
recurrences in 1889-1892, however, were spread
over >3 years, in contrast to 1918-1919, when the
sequential waves seeninindividua countrieswere
typically compressed into =8-9 months.

What gave the 1918 virus the unprecedented
ability to generaterapidly successve pandemic waves
isunclear. Because the only 1918 pandemic virus
sampleswehaveyet identified arefrom second-wave
patients (16), nothing can yet be said about whether
thefirst (spring) wave, or for thet matter, thethird wave,
represented circulation of the samevirusor variants
of it. Datafrom 1918 suggest that personsinfectedin
the second wave may have been protected from
influenzain thethird wave. But thefew databearing
on protection during the second and third waves after
infectioninthefirst waveareinconclusveanddolittle
to resolve the question of whether thefirst wavewas
caused by the same virus or whether major genetic
evolutionary events were occurring even as the
pandemic exploded and progressed. Only influenza
RNA—positive human samplesfrom before 1918, and
fromall 3waves, can answer thisquestion.

What Was the Animal Host Origin of the
PandemicVirus?

Viral sequence datanow suggest that the entire
1918 viruswasnovel to humansin, or shortly before,
1918, and that it thus was not a reassortant virus
produced from old existing strainsthat acquired 1 or
more new genes, such asthose causing the 1957 and
1968 pandemics. On the contrary, the 1918 virus
appearsto bean avianlikeinfluenzavirusderivedin
toto from an unknown source (17, 19), asits8 genome
segmentsaresubgtantidly different from contemporary
avianinfluenzagenes. Influenzavirus gene sequences
from a number of fixed specimens of wild birds
collected circa1918 show littledifferencefrom avian
virusesisolated today, indicating that avian viruseslikely
undergo little antigenic changein their natural hosts
even over long periods (24, 25).

For example, the 1918 nucleoprotein (NP) gene

1918 I nfluenza.

sequenceissmilar tothat of virusesfoundinwild birds
at the amino acid level but very divergent at the
nucleotide level, which suggests considerable
evol utionary distance between thesourcesof the 1918
NPand of currently sequenced NP genesinwild bird
drains(13, 19). Oneway of looking at theevolutionary
distance of genesisto compareratiosof synonymous
to nonsynonymous nucleotide substitutions. A
synonymous substitution representsasilent change, a
nucleotide changein acodon that doesnot resultinan
amino acid replacement. A nonsynonymoussubditution
isanucleotide changein acodon that resultsin an
amino acid replacement. Generally, a vira gene
subjected to immunologic drift pressure or adapting
to a new host exhibits a greater percentage of
nonsynonymous mutations, whileavirusunder little
selective pressure accumul ates mainly synonymous
changes. Sincelittleor no selection pressureisexerted
on synonymous changes, they are thought to reflect
evolutionary distance.

Because the 1918 gene segments have more
synonymous changes from known sequences of wild
bird strainsthan expected, they are unlikely to have
emerged directly from an avianinfluenzavirussmilar
to those that have been sequenced so far. Thisis
especidly gpparent when oneexaminesthedifferences
at 4-fold degenerate codons, the subset of
synonymous changes in which, at the third codon
position, any of the 4 possible nucleotides can be
substituted without changing theresulting amino acid.
At the sametime, the 1918 sequences havetoo few
amino acid differencesfrom those of wild-bird strains
to have spent many yearsadapting only inahuman or
swineintermediate host. One possibleexplanationis
that these unusua gene segmentswere acquired from
areservoir of influenzavirusthat has not yet been
identified or sampled. All of these findings beg the
question: wheredid the 1918 viruscomefrom?

In contrast to the genetic makeup of the 1918
pandemic virus, the novel gene segments of the
reassorted 1957 and 1968 pandemic viruses all
originated in Eurasan avian viruses (26); both human
viruses arose by the same mechanism-reassortment
of aEurasanwild waterfowl strain with the previoudy
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circulating human HIN1 grain. Proving the hypothesis
that the virusresponsiblefor the 1918 pandemic had
amarkedly different origin requiressamplesof human
influenzastrainscircul ating before 1918 and samples
of influenza strains in the wild that more closely
resemblethe 1918 sequences.

What WastheBiological Basisfor 1918 Pandemic
VirusPathogenicity?

Sequence andysisaonedoesnot offer cluesto
the pathogenicity of the 1918 virus. A series of
experimentsare under way to model virulenceinvitro
andinanimd moddshy usngvird condructscontaining
1918 genes produced by reverse genetics.

Influenzavirusinfection requiresbinding of the
HA proteinto sdic acid receptorson host cdll surface.
TheHA receptor-binding Steconfigurationisdifferent
for thoseinfluenzaviruses adapted to infect birdsand
those adapted to infect humans. Influenzavirussrains
adapted to birdspreferentidly bind sdic acid receptors
with o (2-3) linked sugars (27-29). Human-adapted
influenzaviruses are thought to preferentially bind
receptorswith o (2-6) link-ages. The switch from
thisavian receptor configuration requiresof thevirus
only 1 amino acid change (30), andtheHAsof dl 5
sequenced 1918 viruses have this change, which
suggeststhat it could beacritica step in human host
adaptation. A second changethat greatly augments
virus binding to the human receptor may also occur,
but only 3 of 51918 HA sequenceshaveit (16).

Thismeansthat at least 2 H1N1 receptor-binding
variants cocirculated in 1918: 1 with high-affinity
binding to the human receptor and 1 with mixed-affinity
binding to both avian and human receptors. No
geographic or chronologic indication existsto suggest
that one of these variants was the precursor of the
other, nor arethere consistent differencesbetweenthe
case histories or histopathologic features of the 5
patientsinfected with them. Whether theviruseswere
equally transmissible in 1918, whether they had
identicdl patternsof replicationintherespiratory tree,
and whether one or both also circulated in thefirst
and third pandemic waves, are unknown.

Inaseriesof invivo experiments, recombinant
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influenzaviruses containing between 1 and 5 gene
segmentsof the 1918 virushave been produced. Those
congtructsbearing the 1918 HA and NA aredl highly
pathogenic in mice (31). Furthermore, expression
microarray anaysis performed on wholelung tissue
of miceinfected withthe 1918 HA/NA recombinant
showed increased upregulation of genesinvolvedin
apoptos's, tissueinjury, and oxidative damage (32).
Thesefindingsare unexpected becausetheviruseswith
the 1918 geneshad not been adapted to mice; control
experimentsinwhich micewereinfected with modern
human viruses showed little disease and limited viral
replication. Thelungsof anima sinfected withthe 1918
HA/NA construct showed bronchial and alveolar
epithdid necrossand amarked inflammeatory infiltrate,
which suggeststhat the 1918 HA (and possibly the
NA) contain virulence factors for mice. Thevira
genotypic bassof thispathogenicity isnot yet mapped.
Whether pathogenicity in mice effectively models
pathogenicity in humansisunclear. Thepotentia role
of the other 1918 proteins, singularly and in
combination, isalso unknown. Experimentsto map
further the genetic basisof virulence of the 1918 virus
in various animal models are planned. These
experiments may help definethevira component to
theunusua pathogenicity of the 1918 virusbut cannot
address whether specific host factors in 1918
accounted for uniqueinfluenzamortality patterns.

Why Did the 1918 Virus Kill So Many Healthy
YoungAdults?

The curve of influenzadeaths by age at death
hashistorically, for at least 150 years, been U-shaped
(Figure2), exhibiting mortality pesksinthevery young
and thevery old, with acomparatively low frequency
of deaths at all agesin between. In contrast, age-
specific death ratesin the 1918 pandemic exhibited a
distinct pattern that has not been documented before
or since: a"W-shaped" curve, similar to thefamiliar
U-shaped curvebut with theaddition of athird (middle)
distinct peak of deethsinyoung adults= 20-40years
of age. Influenzaand pneumoniadesth ratesfor those
15-34 yearsof agein 1918-1919, for example, were
>20timeshigher thanin previousyears(35). Overdl,
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nearly half of theinfluenza-rel ated deathsin the 1918
pandemic werein young adults 20-40 yearsof age, a
phenomenon uniqueto that pandemic year. The 1918
pandemic isa so unique among influenzapandemics
inthat absoluterisk of influenzadeath washigher in
those <65 years of age than in those >65; persons
<65 years of age accounted for >99% of all excess
influenza-rel ated deethsin 1918-1919. In comparison,
the <65-year age group accounted for 36% of all
excessinfluenza-related deathsin the 1957 H2N2
pandemic and 48% inthe 1968 H3N2 pandemic (33).

A sharper perspective emergeswhen 1918 age-
spedificinfluenzamorbidity rates(21) areused to adjust
the W-shaped mortality curve (Figure 3, panels, A,
B, and C[35,37]). Persons<35 yearsof agein 1918
had a disproportionately high influenzaincidence
(Figure 3, panel A). But even after adjusting age-
specific deaths by age-specific clinical attack rates
(Figure 3, panel B), aW-shaped curvewith acase-
fatdity pesk inyoung adultsremainsandissgnificantly
different from U-shaped age-specific case-fatality
curvestypically seenin other influenzayears, e.g.,
1928-1929 (Figure 3, panel C). Also, in 1918 those
5t0 14 yearsof age accounted for adisproportionate
number of influenzacases, but had amuch lower degth

Figure2.- “U-" and “W-" shaped combined influenza
and pneumoniamortality, by age at death, per 100,000
personsin each age group, United States, 1911-1918.
Influenza- and pneumoniaspecific death rates are
plotted for the interpandemic years 1911-1917 (dashed
line) and for the pandemic year 1918 (solid

line) (33,34).

1918 I nfluenza.

rate from influenzaand pneumoniathan other age
groups. To explain this pattern, we must look beyond
properties of the virus to host and environmental
factors, possibly including immunopathology (e.g.,
anti body-dependent infection enhancement associated
with prior virusexposures|38]) and exposureto risk

Figure 3.- Influenza plus pneumonia (P& 1) (combined)
age-specific incidence rates per 1,000 persons per age
group (panel A), death rates per 1,000 persons, ill and
well combined (panel B), and case-fatality rates (panel
C, solidline), US Public Health Service house-to-house
surveys, 8 states, 1918 (36). A more typical curve of
age-specificinfluenzacase-fataity (panel C, dotted line)
istaken from US Public Health Service surveysduring
1928-1929 (37).

Vol.17/No. /Ener o-M ar zo, 2006
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cofactors such as coinfecting agents, medications, and
environmenta agents.

One theory that may partially explain these
findingsisthat the 1918 virushad anintringcaly high
virulence, tempered only in those patientswho had
been born before 1889, e.g., because of exposureto
athen-circulating virus capable of providing partia
Immunoprotection against the 1918 virus strain only
in persons old enough (>35 years) to have been
infected during that prior era(35). But thistheory
would present an additional paradox: an obscure
precursor virus that left no detectable trace today
would have had to have appeared and disappeared
before 1889 and then regppeared more than 3 decades
later.

Epidemiologic dataonratesof clinica influenza
by age, collected between 1900 and 1918, provide
good evidencefor the emergence of an antigenicaly
novel influenzavirusin 1918 (21). Jordan showed that
from 1900 to 1917, the 5- to 15-year age group
accounted for 11% of total influenzacases, whilethe
>65-year age group accounted for 6% of influenza
cases. But in 1918, cases in the 5- to 15-year-old
group jumped to 25% of influenzacases (compatible
with exposureto an antigenicaly novel virusstrain),
whilethe >65 age group only accounted for 0.6% of
theinfluenzacases, findings cons stent with previoudy
acquired protectiveimmunity caused by anidentica
or closaly related vira proteinto which older persons
had once been exposed. Mortdity dataarein accord.
IN 1918, persons>75 yearshad lower influenzaand
pneumoniacase-fatality ratesthan they had duringthe
prepandemic period of 1911-1917. At the other end
of the age spectrum (Figure 2), ahigh proportion of
degthsininfancy and early childhoodin 1918 mimics
the age pattern, if not the mortality rate, of other
influenzapandemics.

Could a1918-like PandemicAppear Again?If So,
What Could WeDoAbout It?

Initsdisease course and pathol ogic features, the
1918 pandemic wasdifferent in degree, but not inkind,
from previousand subsequent pandemics. Despitethe
extraordinary number of globa deaths, most influenza
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casesin1918 (>95%in most locaesinindustridized
nations) weremild and essentidly indigtinguishablefrom
influenza cases today. Furthermore, laboratory
experiments with recombinant influenza viruses
containing genesfrom the 1918 virussuggest that the
1918 and 1918-like viruseswould be as sensitive as
other typical virus strains to the Food and Drug
Administration—approved antiinfluenza drugs
rimantadineand osdtamivir.

However, some characteristics of the 1918
pandemic appear unique: most notably, death rates
were 5-20 times higher than expected. Clinically and
pathologically, these high death rates appear to bethe
result of severd factors, including ahigher proportion
of savereand complicated infectionsof therespiratory
tract, rather than involvement of organ systemsoutside
thenormd rangeof theinfluenzavirus. Also, thedesths
were concentrated in an unusually young age group.
Finaly, in 1918, 3 separate recurrences of influenza
followed each other with unusud rapidity, resultingin
3 explosive pandemic waves within ayear's time
(Figure 1). Each of these unique characteristics may
reflect genetic features of the 1918 virus, but
understanding them will aso require examination of
host and environmenta factors.

Until we can ascertain which of thesefactorsgave
riseto the mortality patterns observed and learn more
about theformation of the pandemic, predictionsare
only educated guesses. We can only conclude that
sinceit happened once, analogous conditions could
lead to an equally devastating pandemic.

Likethe1918virus, HSN1isanavianvirus(39),
though adistantly related one. The evolutionary path
that led to pandemic emergencein 1918 isentirely
unknown, but it appears to be different in many
respectsfromthe current situation with HS5N 1. There
areno historical data, either in 1918 or in any other
pandemic, for establishing that apandemic " precursor”
viruscaused ahighly pathogenic outbresk in domestic
poultry, and no highly pathogenic avian influenza
(HPAI) virus, including H5N1 and anumber of others,
has ever been known to cause a major human
epidemic, let aloneapandemic. While databearing
oninfluenzavirushuman cdl adaptation (e.g., receptor
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binding) are beginning to be understood at the
molecular levd, thebasisfor vird adgptationto efficient
human-to-human spread, the chief prerequisitefor
pandemic emergence, isunknown for any influenza
virus. The 1918 virus acquired thistrait, but we do
not know how, and we currently have no way of
knowing whether HSN1 virusesarenow inapardlé
processof acquiring human-to-human transmissibility.
Despite an explosion of dataon the 1918 virusduring
the past decade, we are not much closer to
understanding pandemic emergencein 2006 thanwe
werein understanding therisk of HIN1 "swineflu"
emergencein 1976.

Even with modern antiviral and antibacterial
drugs, vaccines, and prevention knowledge, thereturn
of apandemic virusequivaent in pathogenicity tothe
virusof 1918 would likely kill >100 million people
worldwide. A pandemic virus with the (alleged)
pathogenic potentia of somerecent HSN 1 outbresks
could cause substantially more degths.

Whether because of vird, host or environmental
factors, the 1918 viruscausng thefirgt or  spring' wave
was hot associ ated with the exceptional pathogenicity
of the second (fall) and third (winter) waves.
| dentification of aninfluenzaRNA-positive casefrom
thefirst wave could point to agenetic bassfor virulence
by allowing differences in viral sequences to be
highlighted. | dentification of pre-1918 humeninfluenza
RNA sampleswould hel p usunderstand thetiming of
emergenceof the1918 virus. Surveillanceand genomic
sequencing of largenumbersof animd influenzaviruses
will help us understand the genetic basis of host
adaptation and the extent of the natural reservoir of
influenzaviruses. Understanding influenzapandemics
ingenerd requires understanding the 1918 pandemic
indl itshigtoricd, epidemiologic, and biol ogic aspects.
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of Molecular Pathology at the Armed Forces
Institute of Pathology, Rockville, Maryland. His
research interests include the molecular
pathophysiology and evolution of influenza
viruses.
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