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Abstract/Summary

Mounting epidemiological evidence supports the o@nce of a mild herald pandemic wave in
the spring and summer of 1918 in North America Batbpe, several months before the
devastating autumn outbreak that killed an esticha®é of the global population [1]. These
epidemiological findings corroborate the anecdotaervations of contemporary clinicians
who reported widespread influenza outbreaks infgpend Summer 1918, with sporadic
occurrence of unusually severe clinical manifestetiin young adults. Initially seen as
controversial, these findings were eventually coméd by retrospective identification of
influenza specimens collected from US soldiers died from acute respiratory infections in
May-August 1918. Other studies found that havingpisode of influenza iliness during the
spring herald wave was highly protective in theesevautumn wave. Here we conduct a
systematic review of the clinical, epidemiologieald virological evidence supporting the
global occurrence of mild herald waves of the 1paB8demic and place these historic
observations in the context of pandemic preparediesken together, historic experience with
the 1918 and subsequent pandemics shows that sedsaverity in second and later pandemic
waves may be the rule rather than the exceptidnus,Ta sustained pandemic response in the
first years following a future pandemic is criticabnversely, multi-wave pandemic patterns

allow for more time to roll out vaccines and ants.



I ntroduction

While describing and analyzing historic eventsipartant in its own right, identifying

patterns and drawing lessons from historic pandegan inform planning for and response to
future pandemics. Over the last decade, epidegigils, demographers, medical historians,
and virologists have spent considerable effortdystig the 1918 “Spanish” influenza
pandemic, the most devastating pandemic in modstarit. A key question has been whether
the unusual outbreaks of influenza-like illnessimiyiFebruary-August of 1918 in many regions
of the world could be considered as an early matafen of the pandemic — a “harbinger” of
the devastating 1918 autumn pandemic mortality walgs hypothesis has been investigated
by uncovering, reviewing, and analyzing century-oldrbidity and mortality data using
modern analytical methods. Such data originatewh fnearly forgotten mortality and

morbidity reports available from surveillance sysseestablished in the US and Europe 100
years ago (see for example [1-5]) and from labterisive compilation of church records,

grave yards, and individual death certificates.(fadL0]).

To distinguish the impact of the 1918 pandemicwirom that of seasonal influenza or other
respiratory pathogens, epidemiologists have raiethe unique “signature” mortality age
pattern associated with the lethal autumn 1918 welvaracterized by an atypical and dramatic
increase in mortality risk in young adults, coresigly observed across many studied locations
[1, 2, 4-6, 9, 11-15]. High disease transmissipilta complementary epidemiological telltale
sign of pandemic virus activity, as prior populatiommunity is low for a new pandemic strain,
compared to that for seasonal viruses circulatingajly and annually. Here we review and

synthesize historical observations, epidemiologilzdé, and modern virological findings



speaking to the phenomenon of a herald wave o948 pandemic in the Americas, Europe,
Asia and Pacific regions. We highlight remainingg& our understanding of the beginnings
of the 1918 pandemic, discuss the public healtpaese to the 2009 pandemic in the context
of what is known about the 1918 pandemic, and mekemmendations for pandemic

preparedness going forward.

Contemporary clinical descriptions, 1918

Many physicians reported detailed clinical obseoret during the great pandemic which were
carefully collated in a book by E. Jordan [16]. Tdliaical description of the most severe cases
during the autumn 1918 wave included heliotropenogss, sudden death and acute respiratory
distress in otherwise healthy young adults [17¢s4. well remembered are the clinical
descriptions of unseasonal influenza outbreakkarspring and summer of 1918, characterized
by brief febrile respiratory illnesses and higheiiivity. A small subset of cases, however,
presented a graver and unusual clinical pictureitttduded severe respiratory distress and
death [18, 19], and “a fulminating pneumonia witetwemorrhagic lungs fatal in 24 to 48
hours” [20]. One clinician was so startled by aspfindings from the spring of 1918 he
suggested that it should be considered “ as a meyask.” [16]. Such evidence of heliotrope
cyanosis in young adults is a clinical signaturé @18 pandemic influenza.

There was no doubt for contemporary physiciansttiefall wave was a resurgence of the
summer influenza epidemic; an editorial of the iBhitMedical Journal on 2 Nov 1918 make a

strong argument for the same pathogen causinguthener and fall epidemics [21].



Characterization of the 1918 pandemic signatur e age patterns

Seasonal influenza epidemics are characterizeddsy deaths occurring among the elderly. In
contrast, pandemics are (to various degrees) dieaized by a shift of deaths towards younger
ages [1, 2, 22, 23]. Contemporary reports fromdBeand Europe noted that older adults were
relatively spared during the severe autumn 1918 wadn contrast, young adults aged 20-40
years suffered unusually and were at highest atesdbk of death (Figure 1) [16, 24]. A full
understanding of this signature age pattern ofgaglemic remains elusive. The most
plausible hypotheses at this stage involve a “déoytphenomenon, so that elderly were
protected in the 1918 pandemic season by prior inityjérom exposure to an antigenically
similar virus in childhood, combined with aberramtmune pathology specific to young adults,
leading to dysregulated immune responses (cytaitioren) and elevated mortality risk in this

age group [1, 5, 25-27].

This unusual 1918 signature age pattern is so ertigat it can be used to “fingerprint” the
pandemic. In a 2005 pioneer study, Olson et alufEd time series data from New York City
to demonstrate that young adults were at pronoummeeased risk of death while persons over
45 years of age had no measurable excess modeaétytypical winter levels (Figure 1). Here,
93% of influenza-related deaths occurred in peapler 45 years old during autumn and
winter 1918-1919, up from 25-34% in typical pre-gamic seasons [1]. Another study set in a
uniquely detailed and comprehensive surveillanstesy in Copenhagen confirmed these age
patterns (Figure 1) [2].

A similar pandemic signature age pattern was agsmtiwith respiratory outbreaks occurring

in the spring-summer of 1918 in many settings,udicig New York City, the state of Arizona,



Copenhagen, and central Mexico — the so-calleddherave of the pandemic [1, 2, 6, 9].
Thus, the age signature could be used to distihqpasdemic influenza from seasonal

influenza.

A mild herald pandemic wavein spring-summer 1918.

The generally mild character of the respiratoryboedks in summer 1918 in the UK is well
described in the Great Britain Ministry of Healtbgort on the 1918-1919 influenza pandemic
[28]. Several articles appeared in the summer @818 the British Medical Journal that make
reference to widespread epidemics across Europmarires with clear influenza
manifestations [18, 19].

The epidemic became known as “Spanish influenzagtlypbecause it was so widespread in
Spain in May 1918 and partly because Spain wastnear so it did not censor newspaper
articles referring to the disease[29]. The ternfllienza Pandemic” was first used in the 13
July 1918 issue of BMJ [18]. In Switzerland inyJuhe epidemic was so virulent that military
intelligence officers rejected medical diagnose$Spianish grippe” and warned it may be
bubonic plague [30]. Vaughan noted that influenzaake had “developed a greatly heightened
virulence toward the end of August [31].”

It was not a subtle change; in Norway, for examitie first wave caused far more
illnesses than the autumn 1918 wave, and in Denptay&ician-attended cases of respiratory
diseases in summer 1918 exceeded that of any mzituepidemic in the previous decade [2]
(Figure 2). But in this setting there was no conitant spike in mortality, so that the influenza

case-fatality rate was ~6 fold lower in the summave than in the fall 1918 [2].



Unfortunately, the identification of herald pandemiaves must often rely on historic
mortality statistics without availability of morbtgt data (only Scandinavia had solid Sentinel
surveillance of morbidity at the time). And becao$éheir mild nature, early waves are easily

missed in mortality data [1, 2, 32].

Evidence from remote populationsin the Americas.

In addition to reports from Europe and US, “hergddhdemic waves of mild nature
have been recently documented in Latin Americgpimg and summer 1918 (e.g., Mexico
City [6], Toluca, Mexico [6], and Lima, Peru [11]h contrast, the absence of an early wave in
some areas of Colombia [4] has been explainedlaieantroduction of the pandemic virus or
that any mild outbreak was not recorded and coatda seen in mortality records.

In contrast to the substantial mortality protectatoserved among seniors in the US and
Europe [1, 2, 13], the data recently reconstrutec few Latin American settings [4, 6]
indicates that older populations did in fact exgece high mortality rates in autumn 1918 in
this region (Figure 1). This phenomenon may bearpt lack of exposure to influenza in
Latin America 50 years before the 1918 pandemityrag-distance travel by train and boat was
much less developed in Latin America in th& t@ntury than in US and European cities [6,
33].

The hypothesis of protective immunity in seniorsygg with population connectivity
in the 19" Century is also in line with evidence of entir@aginal populations in Alaska and
remote Pacific islands being decimated by the I&i®lemic [33, 34], and by findings of
dramatically higher mortality risk in indigenousputations than in those of European descent

[35]. Long-term epidemiological time series fronelend have shown that remoteness can



affect the probability of introduction and locasdemination of influenza viruses, particularly
in weakly connected populations [36]. Thus, thesabs of senior sparing in remote settings in
our view supports the “recycling” hypothesis (i&posure to influenza viruses during
childhood may confer significant lifetime protectito similar viruses[27, 37]). In contrast,
extreme pandemic mortality risk in young adults wassistently observed in all populations

studied [6].

Evidence from US army camps

A map of the putative timing and location of heralaves reported in the US is shown in
Figure 3. In the US military, the first reportsretpiratory disease outbreaks associated with
unusual young adult mortality occurred in early 8at918 in Camp Funston, Kansas, and the
disease spread to other US training camps durmdpllowing months [32]. Although the case
fatality rate was relatively low at 1.3% in Marc@1B, ~4-fold lower than during the main
autumn wave ([32]), some influenza patients wowddaliop acute pneumonic symptoms and
die within 4 hours, resembling the clinical accauot fulminant disease in the fall 1918 wave
[20]. The military population demographic was partarly homogeneous and tightly
concentrated among young male adults aged 18-48.yidance it was not possible to identify
the etiology of these army camp outbreaks usingdigmature age shift” pattern of elderly
sparing, so it cannot be ruled out that these ealtsr were caused by seasonal influenza or
other respiratory viruses [32]. Nonetheless, ttistence of a summer pandemic wave has
been recently confirmed from study of viral RNAsoldiers who died in US Army camps as

early as May 1918 [38].



Evidence of cross-protection between spring and autumn 1918 waves

Data from military and civilian populations in thks, UK and Australia provide a strong piece
of epidemiological evidence in the form of clinigabtection between successive pandemic
waves. Based on data on the reported occurrenepeébted respiratory illnesses in spring and
fall 1918, we have previously estimated that thngpwave provided 35%—-94% protection
against clinical influenza illness in the fall a6@%%—89% protection against death [32]. In the
Australian army, Shanks et al found a 61% (43-7BBd)ective effect of 1918 spring/summer
respiratory illness against mortality in the autuwwawve [39]. This level of protection compares
favorably to that afforded by modern vaccines, gstjgg that the pathogens circulating in the
two waves were similar enough to convey protedtivaunity [32] and thus, were likely
antigenically related. Furthermore, mathematiagmission models indicate that cross-
protective immunity played a key role in generatmnglti-wave pandemic patterns in 1918 [40,
41]. In other words, settings that experiencedld summer wave were likely protected in the
severe autumn wave — perhaps in part explainingSdandinavia was not as dramatically

affected as other settings[15].

High transmissibility in the summer waveisonly consistent with pandemic influenza
Seasonal influenza is far less transmissible tlEard@mic influenza due to partial immunity in
the population from repeated exposure to past e&usnd the reproduction number R (number
of secondary cases per index case) is typicallyratd..1-1.3 [42, 43]. Therefore, a high R in
the spring wave would strongly point to pandemitvay.

Only a few studies have estimated the basic regtadunumber associated with the

pandemic in spring and summer 1918, when the ptpalavas largely susceptible (except for



older adults in some regions) [2, 3, 44, 45]. sRneates have ranged between 2.0 and 4.8
during the summer wave for Scandinavian citie8]2decreasing to seasonal influenza level
(1.2-1.5) in the autumn wave [2], consistent witlild>up of population immunity.

For most other settings, insufficient data werailable to contrast the transmissibility
of the first two pandemic waves. For example,maisal study provided a robust R estimate
for the autumn wave based on mortality in multigke Cities but could not measure the spring
wave due to lack of morbidity data [46].

Overall, whenever available, R estimates forsghieng-summer wave in 1918 are
similar or higher to those of other pandemics ¢ tentury in 1957, 1968 and 2009 -- and
substantially higher than those for seasonal inftad?2, 4, 44, 46, 47] [42] [48-55]. Thus, these
R estimates add to the epidemiological evidencetheaherald wave was caused by a
pandemic virus, while reduction of influenza tramssibility in the 29 wave supports

circulation of a related virus in both waves.

Timing and Global Spread of the herald pandemic wave

Remarkably, in the era before air travel, the 18d8demic autumn wave circumvented the
globe in just a few months during October-Decenit®i8 What is less clear is whether the
spring-summer herald wave took a similar globatpey but went unreported in many locales
as it was not severe. In Table 1 we review ablilavidence of the presence of'awave in
various countries. Estimating the timing of theisgp-summer wave is hampered by the fact
that global boat travel and WW1 troop movementsewerquent at this time, and that a cross-

Atlantic crossing took only about a week, consisteith rapid transcontinental spread[56].
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Furthermore, we cannot rule out the possibilitgaflier seeding of the virus before Mar-Apr
1918. In particular, the apparent mild naturehef herald wave requires morbidity data and
this complicates efforts to identify them and cloteaze the earliest patterns of spread of
influenza pandemics. Some early efforts to unréwelpattern of pandemic spread including
those by Vaughan who compiled rough estimateseoéthliest recorded dates of increased
influenza incidence around the world from a varetgources [31]. Correspondingly, Kansas,
Missouri, Illinois, Ohio, and Michigan observed ieases in influenza transmission in early
March 1918, followed by Georgia and South Caroimmid and late March, and a peak in 30
of the largest US cities in April according to aoe by Collins et al. [57]. Only a handful of
epidemiological studies have relied on epidemiaalgsignature features (such as age patterns)
to ascertain the presence and timing of herald gandwaves (reviewed in Table 1; see also
map in Figure 4).

In the US, such epidemiological evidence supppdaademic activity in New York
City in February 1918 [1] and in Kentucky [5], Aoiza[9], Missouri [10] and military training
camps throughout the country in March-April 1918][3Influenza incidence increased in
France in April 1918, likely due to military tro@privals from the US, with peak activity in
hospitalization and death during May-July 1918 [31]

By May 1918, influenza had reached Central Mexgewdenced by elevated excess
respiratory death rates among young adults. Aly eave of influenza transmission in May
1918 is also evident from a detailed analysis oftatity records from remote Newfoundland,
an island located off the eastern coast of main@adada [8]. At the same time, influenza was
spreading in a number of European settings incty&cotland, Spain, and Greece according to

Vaughan (Table Il in [31]). By June, influenza aityi was widespread in England & Wales,
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Switzerland, Germany, Austria and Norway. The asialgf detailed morbidity or mortality
data indicates that influenza had peaked by July18® England & Wales, Denmark, Sweden,
Norway, Poland, and Switzerland [31] (Figure 4B).

In the Southern Hemisphere, there is evidence lof paindemic activity in Lima, Peru
during the winter months of July-September 1918 wmbrtality peaking in August 1918 [11].
Similarly, the southern city of Concepcion in Chalgpears to have exhibited a mild pandemic
wave during July-September 1918 as deemed by signifelevation in respiratory mortality
rates particularly among individuals <20 yearsatiek to baseline mortality periods [12].

In Asia, evidence from the Australian army suppthtsexistence of a mild and limited
yet protective spring/summer wave [39]. Excesgallse mortality rates data supports an early
wave of transmission in Singapore in July 1918 [88} not in Taiwan or Japan [13, 59].
Judging from the complex evidence from Australi@][3 is entirely possible that modest
herald waves would have been missed in Asian gsttithere only mortality but not morbidity
data were available. There is unfortunately acstyeof quantitative 1918 pandemic reports
from less wealthy countries in Asia and Africatisgls where most global 1918 pandemic
deaths are thought to have occurred [15].

Overall, our review of historical epidemiologicaligence supports widespread
occurrence of herald waves in the Northern Hemisplend less frequent occurrence (or more
delay in the arrival of the pandemic virus) in Smrh Hemisphere. The available evidence was
patchy in many locations however, particularlyhe Southern Hemisphere and in civilian
communities (most notably, Africa). Further, moegadmay be uncovered in already sampled
locations, supporting earlier pandemic onsets tharcurrently available evidence. Of note, the

available information was sometimes localized single city and generalized to a large
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country for mapping purposes, potentially maskiatehogeneity (eg, Brazil, Figure 4). We
note substantial geographic heterogeneity in Weste onset in the US population (range
February -July) and in Peru (Lima experienced aldewave while Iquitos did not, Table 1),

and so we would expect to see heterogeneity irr tdhge countries.

Putting the pieces together

Epidemiological evidence supports the occurrencerefatively mild pandemic wave in spring
and summer 1918 featuring the unusual “signatuge’raortality pattern seen in the autumn
wave, high transmission potential consistent wittemerging pandemic virus, and similar to
the autumn wave virus as it conferred substant@keption. Taken together, this is compelling
epidemiological evidence that the herald wave waespread, particularly in the Northern
Hemisphere, and either caused by the 1918 pandems; or a closely related precursor that
had not yet achieved the unique severity of the8l8itumn wave [2].

This epidemiological evidence for herald waves ve&ently much strengthened by the
identification of the A/H1N1 pandemic virus in apgy specimens from US soldiers who died
of influenza-like-illness during May-August 19183 The hemagglutinin protein sequence
collected from these spring and summer casualtéssngarly identical to that of the virus
isolated from autumn victims [38]. However, assBnand analysis of the entire summer-
wave virus genome is needed to identify putativeegie differences between viruses
circulating in the spring and fall of 1918, thatyvexplain the dramatic increase in case fatality
by fall 1918. Alternatively, the increased lettyain autumn could be due to respiratory
bacterial pathogens in the colder (autumn) monthiseoyear [60, 61]. A much anticipated

phylogenetic comparison of herald and fall wavéuiiza virus isolates could help identify
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specific mutations associated with increased vircge or in the absence of such mutations
strengthen the bacterial co-infections hypothedibpugh the world-wide simultaneous
increase in influenza severity makes this explandgss likely. Epidemiological studies are
also particularly useful to identify locations wipandemic excess mortality elevation in
summer 1918 (Oslo, Norway in mid-July, for examphgcheovirologists could focus
exploration of archival specimens and autopsig¢lese locations and test for the presence of

influenza, potentially increasing the sample sizspecimens from herald wave victims.

In the most recent influenza A/HLN1pdm pandemi2z009, the summer wave was mild [62,
63] albeit with an alarming 1918-like “signaturejeapattern of elevated young adult mortality
and elderly sparing. A global study of 2009 pandemeortality demonstrated considerable
heterogeneity in timing and magnitude of first waj@4]. And several countries reported
severe recrudescent pandemic waves in the secbhdrid third winter [66] of pandemic virus
circulation.

Early pandemic waves of mild nature may in factheerule rather than exceptions
associated with the 1918 and 2009 pandemic. Mesths related to the A/H3N2 Hong-Kong
pandemic occurred in the second winter of circatatn Europe, 1969-70 [47, 67]. The historic
precedence of mild herald waves of pandemic inftagand the recrudescence of pandemic
waves of varying severity over multiple years, supga vigorous public health response, even
when first wave data indicates a mild disease.efdbhmonitoring of changes in case fatality
rate associated with pandemic influenza infectsowarranted in the months and years

following the emergence of a new virus.
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Embracing the knowledge that a pandemic can cansk&lderald wave and delayed mortality
impact is critical for contemporary pandemic pregess. Meanwhile, on the upside such a
pattern is good news as it allows more ample tionev&ccine development and roll-out of
control measures. More than ever, looking tophst for clues about the severity of future
pandemic events is key to shaping pandemic resporsethe WHO is revising pandemic
preparedness guidelines to embrace the concefds\adrity” or “seriousness” of emerging
threats, it will be important to keep in mind trelicating fact that initially mild pandemic

waves may be followed by lethal waves several nlater.
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Tables

Table 1. Timing of pandemic waves of the 1918-1919 influepaademic as evidenced by
guantitative studies across different locationsiatbthe world. Locations are organized by

continent (America, Europe, Asia).

L ocation Herald Peak Datatype Source

wavein | pandemic

1918 mortality

(period)
New York, US# Fet-Apr Oct-Nov-191¢ | Age-specific P&l mortalit [1]
Kentucky, US/ Apr Oct-Dec 191! | Age-specific lespiratory mortalit [5]
Arizona, US/ Apr Oct-Dec 191! | Age-specific lespiratory mortalit [9]
Saint Joseph, Misso! | Fel-May | Oct-Dec 191! | Age-specific respiratory mortali [1Q]
Mexico City anc May Nov-191¢ Age-specific lespiratory mortalit [6]
Toluca, Mexico
Boyacéa, Colombi Nowave | Nov-191¢ Age-specific espiratory mortalit [4]
Florianapolis Brazil Nowave | Nov-Dec 191! | Age-specific respiratory mortali [68]
Newfoundlan, Canad | May-July | Oci-Nov 191¢ | Age-specific respiratory mortali [8]
Lima, Per Jul-Sej Nov 191¢ Respiratory mortalit [17]
Iquitos, Per Nowave | Nov 191¢ Respiratory mortalit [17]
Concepcion, Chil Jul-Sef Aug 191¢ Age-specific lespiratory mortalit [12]
Copenhagen, Denme | June-July | Oct-191¢ ILI cases; Ag-specific mortalit' [2]
Paris, Franc Nowave | Oct-191¢ Age-specific respiratory mortalit [69]
Basque country, Spe | Jure Oct-191¢ Age-specific respiratory mortali [7C]
Florency, Italy May-Jul Oct-Nov 191¢ | Age-specific hospitalizatior, death | [45]
Gothenburg an June-July | Oct-1918 ILI cases and P&l mortali [2]
Stockholm, Sweden
Oslo, Norwar June-July | Oct-191¢ ILI cases and P&l mortali [2]
England and Walt May-Jul Nov-191¢ Influenze-related mortalit [71]
Wroclaw, Polan Jul Oct-Dec 191! | Influenze-related mortalit [72]
Geneva, Switzerlar Jul Oct-Nov 191¢ | Influenza-related hospitalizatiol [73]
Madrid, Spail May Oct-191¢ Age-specific respiratory mortali [69]
Taiwar Nowave | Nov-191¢ All -causemortality [1E, 59]
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Figures

Figure 1. Age-specific excess-death rates per 10,000 populassociated with the
1918-19 pandemic waves in New York City (basedlboaaise deaths), Copenhagen
(P&I deaths), Mexico City (P&l deaths), and BoyaCaJombia (P&l deaths).
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Figure2. Weekly incidence per 10,000 people among indiaisl aged 15-64 years and
>=65 years for reported patient visits for influarike-iliness for the 1918-1919
influenza pandemic to a weekly surveillance systggelisterne” that was in place in
Copenhagen, Denmark. The summer wave was far imerese than any epidemic
during the last decade, and even more pronounc@gdlm|[2].

800\\\\I\IIII\\\\\\\IIIII\\I\\\\\\\IIIII\\\\\\\II\III\I\\\\\I\I """

700

600

500

400

300

Incidence per 10,000 people

200

100

24



Figure3. Map of timing of herald pandemic 1918 wave occureemm the US (top) and
East Coast (bottom).
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Figure4. Map of timing of herald pandemic 1918 waves, basedpidemiological and
virological evidence. Estimates are based on thetimof onset of pandemic virus
circulation, aggregated at the country level. & thonth of onset was reported to occur
later than September 1918, it was not considetestad wave. Top: World. Bottom:
Europe.
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Footnote: While the data suggests the first wave mvare widespread in the Northern
hemisphere, it is possible that some true firstagavere overlooked due to the lack of
efforts to look for it. Further herald waves weengrally mild and thus morbidity data or
age-specific time series analysis are requirectoahstrate occurrence of a first wave. A
severe outbreak of influenza-like illness occurriluging Jan-Aug 1918 would not be
sufficient evidence of a first wave, as it coulddage to a host of other viruses causing
respiratory illnesses.
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