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Background. The 1918-1919 A/HIN1 influenza pandemic killed ~50 million people worldwide. Historical
records suggest that an early pandemic wave struck Europe during the summer of 1918.

Methods. We obtained surveillance data that were compiled weekly, during 1910-1919, in Copenhagen, Den-
mark; the records included medically treated influenza-like illnesses (ILIs), hospitalizations, and deaths by age. We
used a Serfling seasonal regression model to quantify excess morbidity and mortality, and we estimated the repro-
ductive number (R) for the summer, fall, and winter pandemic waves.

Results.  Alarge epidemic occurred in Copenhagen during the summer of 1918; the age distribution of deaths was
characteristic of the 1918-1919 A/HIN1 pandemic overall. That summer wave accounted for 29%—-34% of all excess
ILIs and hospitalizations during 1918, whereas the case-fatality rate (0.3%) was many-fold lower than that of the fall
wave (2.3%). Similar patterns were observed in 3 other Scandinavian cities. R was substantially higher in summer
(2.0-5.4) than in fall (1.2-1.6) in all cities.

Conclusions. The Copenhagen summer wave may have been caused by a precursor A/HIN1 pandemic virus that
transmitted efficiently but lacked extreme virulence. The R measured in the summer wave is likely a better approxi-
mation of transmissibility in a fully susceptible population and is substantially higher than that found in previous US

studies. The summer wave may have provided partial protection against the lethal fall wave.

Recent studies of the 1918 “Spanish” influenza pan-
demic have dramatically altered our understanding of its
transmission. The transmissibility of the influenza virus
during the main pandemic wave, in the fall of 1918, was
found to be far lower than had previously been thought,
with a reproductive number (R) of ~2 rather than 22 [1,
2]. Ris defined as the average number of secondary cases
produced by an infected individual at the onset of the
epidemic—a key quantity for disease control. Simula-
tion models predict that social-distancing and medical
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intervention will substantially reduce attack rates and
slow the transmission of influenza during the next influ-
enza pandemic if R is <2, whereas such interventions
fail if Ris >2 [3-6].

For influenza epidemics that recur year after year,
transmissibility strongly depends on the initial fraction
of susceptible people. If some populations were exposed
to a variant of the pandemic virus (which conferred
some immunity) before the fall 1918 wave, then previ-
ous R estimates for the fall wave would reflect the effec-
tive transmission in a partially susceptible population
and would underestimate the basic reproductive num-
ber (Ry) in an influenza-naive population [1].

Influenza outbreaks were reported to occur in Europe
during the summer of 1918 and are thought to represent
a first wave of the pandemic [7, 8]. For studies relying
solely on mortality data the transmissibility and mortal-
ity impact of these outbreaks is hard to quantify because
relatively few deaths occurred. Studies of the “herald
waves” of the 1918 pandemic are limited to data on sum-
mer mortality in the United Kingdom [7, 9], on summer
hospitalizations in Geneva [10], and on spring mortality
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in New York City [11]. Moreover, the public-health significance
of herald pandemic waves has not been addressed in contempo-
rary reviews [12].

A robust public health—surveillance system was in place in Co-
penhagen, Denmark, during the first decades of the 20th century
[13]. In the present study, we analyze the weekly morbidity and
mortality data gathered by that system and estimate excess morbid-
ity, excess mortality, and transmissibility associated with the influ-
enza outbreak during the summer of 1918. On the basis of historical
mortality data, we describe similar summer waves in 3 other Scan-
dinavian cities, and we discuss the reports from additional Euro-
pean cities, which suggest that summer waves might have been the
typical European experience. We close with a discussion of what our
findings imply about both the evolution of the 1918 pandemic virus
and the mitigation of a future 1918-like pandemic.

METHODS

Copenhagen epidemiological-surveillance system. At least
since the turn of the century [13, 14], primary-care physicians in
Copenhagen have participated in weekly reporting of cases of
epidemic diseases, including influenza. The archived reports in-
clude weekly deaths stratified by cause and age, as well as weekly
hospitalizations stratified by cause only. We also consulted con-
temporaneous reports from physicians describing their experi-
ence with the summer wave [15].

Morbidity time series. A total of ~350 general practitioners
contributed to the surveillance system [13-15]. We extracted the
weekly number of reported patient visits for influenza-like ill-
nesses (ILIs) for the years 1910—-1919. We also tabulated the
weekly number of influenza hospitalizations and total hospital-
izations (all-cause).

Mortality time series. Weekly deaths due to respiratory dis-
eases (influenza, pneumonia, or bronchitis) and all-cause deaths
were tabulated for the years 1910-1919. To investigate age-
specific mortality patterns, we stratified all causes of death into 4
age groups: <15, 15-44, 45-64, and =65 years of age. In all
tabulations, we included deaths due to bronchitis, because the
steep rise in deaths during October 1918, the peak of the pan-
demic in Copenhagen, was mostly reported as being due to
bronchitis. A more complete account of this assessment is avail-
able in a historical British report on the 1918 influenza pan-
demic, in the section on Denmark [8].

Population data for Copenhagen. On the basis of census
data for Copenhagen [16], we linearly interpolated the compo-
sition of the age-stratified population for each study year.

Excess mortality and morbidity for each pandemic wave. We
applied a Serfling seasonal regression model to each disease out-
come (respiratory deaths, all-cause deaths, influenza hospitaliza-
tions, all-cause hospitalizations, ILIs), excluding data from epi-
demic periods, to establish baseline levels in the absence of influenza
activity [17-19]. Excess mortality and morbidity above the baseline

level during epidemic periods were attributed to influenza. The 3
pandemic waves (summer 1918, fall 1918, and winter 1918-1919)
were studied separately, and the epidemic of 1915-1916 was used as
a reference interpandemic season. Mortality data were aggregated
by 4-week periods to obtain robust estimates. Separate models were
fitted to each age group; the model fit was good in all 4 age strata
(0.65 < R?<0.73).

Epidemiological data from other Scandinavian cities.
the historical British report [8], we compiled weekly numbers of
ILIs and deaths attributable to influenza, for Gothenburg, Oslo
(formerly Christiania), and Stockholm. Because the Scandinavian

From

data in the British report [8] covered only a brief period (June
1918 —-March 1919), we did not apply a Serfling seasonal regression
model but, instead, used the numbers of influenza-attributable
cases and deaths directly available in the British report. It was reas-
suring to note that, for Copenhagen, the figures published in the
British report ([8], p. 221) were very similar to the excess ILIs and
deaths generated by our Serfling seasonal regression model. The
differences in the total numbers of clinical illnesses and deaths were,
respectively, 1% and 6% for the summer wave and 3% and 4% for
the fall wave.

The case-fatality rate in Stockholm (33.1%) was an outlier,
compared with those in the other 3 cities (range, 0.3%—4.7%).
The Stockholm surveillance efforts reportedly failed to identify
most of the cases of influenza morbidity [8]; hence, the Stock-
holm data were excluded from morbidity analyses.

Transmissibility (reproduction numbers R and R,). We
estimated R from raw morbidity data (ILI cases and influenza
hospitalizations) for Copenhagen, on the basis of the observed
growth rate in case numbers during the early ascending phase of
the summer and fall waves. We did not estimate R for the third
wave, during winter 1918-1919, because it overlapped with the
fall wave, thereby precluding identification of the early, ascend-
ing phase. The estimates of R for the summer wave closely ap-
proximate Ry—a measure of transmissibility in a fully naive pop-
ulation. We also used ILI data for Oslo and Gothenburg, but we
excluded those for Stockholm because of the incomplete report-
ing of clinical illnesses.

To identify the early, ascending phase, we used a standard
Poisson model and systematically varied the starting week, to
find the longest period with exponential growth (see the Appen-
dix, which is available in the online edition of the Journal of
Infectious Diseases). For estimates of R based on respiratory and
all-cause excess mortality data, we used the simpler method de-
scribed by Mills et al. [1].

Using the estimated weekly growth rate in the early, ascending
phase, we derived R on the basis of data on the time course of a
typical influenza infection [20]. In past research [1, 6, 21], the
duration of infection has traditionally been set at 6 days. The
corresponding serial interval, defined as the time from infection
in a primary case to infection in a secondary case, is ~ 4 days, on
average [6]. However, a recent study of influenza transmission in
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Fig. 1.

First 3 waves of the 1918—1919 pandemic in Copenhagen—monthly incidence of medically treated influenza illnesses (4), influenza

hospitalizations (B), and respiratory deaths (C), during 1910—1919 (red lines). Serfling seasonal regression model baselines are shown as blue cyclical
lines. The summer pandemic wave, peaking during July 1918, is characterized by substantial morbidity and low mortality.

households during a contemporary epidemic indicates that the
serial interval may be as short as 2.6 days [4, 22]. Because the
serial interval for a pandemic virus is not well understood, we
present estimates of R for a short serial interval of 2.6 days (as in
reference [4]) and for a longer serial interval of ~4 days (as in
references [1, 6]), thereby encompassing the range of values used
in recent models of pandemic containment and mitigation [3-6,
23]. We report ranges of R based on estimates for short and long
serial interval values, as well as the 95% confidence intervals
derived by standard methods (see the Appendix, which is avail-
able in the online edition of the Journal of Infectious Diseases).

RESULTS

1. Pandemic Experience in Copenhagen
We identified 3 waves of morbidity and mortality during the
1918-1919 influenza pandemic in Copenhagen: a summer wave
(June—July 1918), a severe fall wave (September—November
1918), and a winter wave (December 1918 —April 1919) (see fig-
ure 1 and table 1).

Clinical influenza illnesses (ILI cases). During June—July
1918, the number of medically treated ILI cases in Copenhagen
spiked dramatically, rising ~300-fold above the level of the preced-
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Table 1.

Morbidity and mortality impact of 3 influenza pandemic waves in Copenhagen, 1918-1919.

1918 summer wave

1918 fall wave 1918-1919 winter wave

(12 weeks: 23 June— (12 weeks: 15 September— (24 weeks: 8 December— Sum of 3

8 September 1918) 1 December 1918) 27 April 1919) waves
Excess influenza illnesses?® 480 1170 710 2360
Excess influenze hospitalizations? 40 80 60 180
Excess all-cause hospitalizations? 40 80 50 170
Excess all-cause deaths? 1.7 27 12 41
Case-fatality rate, %° 0.35 2.3 1.7 1.7

NOTE. Data are no. of cases/10,000 individuals, unless otherwise indicated. Estimates are excess rates per 10,000, based on Serfling seasonal regression

model.

@ In excess of seasonal baseline, as derived from Serfling seasonal regression model.

b Calculated as ratio of all-cause excess deaths:excess influenza illnesses.

ing summers of 1910—1917, to alevel nearly half that of the fall peak
(see figure 1 and table 1). Nearly 5% of the population sought med-
ical attention for influenza illness in excess of the seasonal baseline
during the summer wave, compared with ~12% during the fall
wave and ~7% during the winter wave (table 1). This suggests that
a total of ~24% of the population became afflicted with medically
treated influenza illness during the 3 pandemic waves (an unknown
proportion of asymptomatic infectious and unattended illnesses are
not taken into account).

Hospitalizations. Severe morbidity, as analyzed on the ba-
sis of weekly hospitalizations, revealed a ~300-fold elevation in
influenza hospitalizations during the 1918 summer wave, com-
pared with the summers of previous years. Model estimates of
excess hospitalizations for the first wave were similar for both
hospitalization time series (influenza and all-cause) (table 1).
Approximately 0.4% of the Copenhagen population was hospi-
talized for influenza-related conditions during the 1918 summer
wave, compared with 0.8% during the fall wave. Of the total
number of excess hospitalizations during 1918 -1919, ~24% oc-
curred during the summer wave—a pattern similar to that of ILI
cases (table 1).

Mortality. Using the all-cause mortality time series, we de-
tected a small increase of ~90 excess deaths during the summer

wave, corresponding to a rate of ~1.7/10,000, an order of mag-
nitude lower than that during the fall wave (~1450 excess
deaths, corresponding to a rate of 27/10,000; table 2). Analysis of
data on excess mortality due to respiratory diseases gave similar
estimates. Excess mortality in the summer wave revealed the
“signature” age shift of the 1918 pandemic virus, with most
deaths occurring among young adults and no deaths occurring
among seniors, similar to the pattern in US data [11, 24, 25].
Overall, the summer wave was responsible for <5% of all
influenza-related excess deaths during 1918-1919 in Copenha-
gen.

The case-fatality rate in Copenhagen was ~0.35% during the
summer wave, compared with 2.3% during the fall wave (table
1) (P <.0001). Thus, only 0.02% of Copenhagen’s 534,000 in-
habitants died of influenza during the summer wave, compared
with 0.27% during the fall wave.

Taken together, the data reveal a substantial summer pan-
demic wave occurring in Copenhagen, resulting in 50% fewer
clinical illnesses and hospitalizations than the fall wave. Surpris-
ingly, the case fatality rate in summer was ~7-fold lower than in
the fall (table 1). Throughout the first 3 waves in 1918-1919, a
total of 0.41% of the Copenhagen population died of pandemic
influenza.

Table 2. Comparison of age-specific excess mortality rates per 10,000 in Copenhagen, for each of the 3 pandemic waves during

1918-1919 and for the 1915-1916 reference.

1916 reference 1918 summer 1918 fall 1919 winter Total for
epidemic (16 weeks:  wave (12 weeks: wave (16 weeks: wave (16 weeks: 3 pandemic
6 February- 23 June- 156 September— 5 January- waves during
21 May 1916) 8 September 1918) 29 December 1918) 30 March 1919) 1918-1919
Excess respiratory deaths, all ages @ 6.6 1.4 27.0 12.0 41.1
Excess all-cause deaths, all ages 18.4 1.7 27.0 12.6 41.2
<15 years 8715 0.2 12.2 17.3 29.7
15-44 years 1.4 3.1 46.7 14.9 64.7
45-64 years 11.4 0.3 7.7 7.3 1565
=65+ years 82.6 0 0.5 0 0.5

NOTE. The 1915-1916 interpandemic influenza season illustrates the mortality impact of a contemporary severe nonpandemic season.

@ Estimates of excess mortality due to respiratory disease include deaths attributable to influenza, pneumonia, and bronchitis.
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Table 3. Comparison of the 1918 summer and fall pandemic waves in 4 Scandinavian cities:
pandemic morbidity and mortality impact, and estimates of the reproduction number R (data from [8]).

Characteristic Copenhagen? Gothenburg OsloP Stockholme
Population size 560,000 197,000 260,000 413,000
30 June- 30 June- 30 June— 30 June-
Summer wave 7 September 7 September 24 August 7 September
Cases of influenza illness 25,360 4812 18,544 NA
Cases/10,000 individuals, no. 471 244 713 NA
Deaths attributable to influenza 85 59 146 146
Deaths/10,000 individuals, no. 1.5 3.0 5.6 815
Case-fatality rate, % 0.3 1.2 0.8 NA
Rd 2.2-3.0 3.1-4.8 2.0-3.2 NA
8 September— 8 September— 25 August— 8 September—
Fall wave 30 November 16 November 16 November 16 November
Cases of influenza illness 61,285 14,411 9872 NA
Cases/10,000 individuals, no. 1090 732 380 NA
Deaths attributable to influenza 1293 673 488 1119
Deaths/10,000, no. 23.1 34.2 18.8 27.1
Case-fatality rate, % 2.1 4.7 1.9 NA
Rd 1.2-1.3 1.4-1.6 1.3-1.5 NA

NOTE. NA, not available.

@ Estimates are based on data from the British report [8, p. 217] and correspond well with those of the present study,
which were estimated by use of the Serfling seasonal regression model.

® The summer epidemic started ~2 weeks before the date of the first data reported in the present study, so we
estimated R, by assuming that the last week at baseline was either 1 June or 9 June, with exponential growth until 23
June (see the Appendix, which is available in the online edition of the Journal of Infectious Diseases).

¢ Morbidity data are not as reliable as those from the other 3 cities and were removed from analysis; the overall
incidence in any week, including the fall pandemic wave, is surprisingly low, consistent with incompleteness of the

reporting system (as discussed in [8, p. 205]).

d Based on weekly growth rate in cases of influenza illness. Range includes estimates for short and long serial intervals
(2.6 and 4 days, respectively) and confidence intervals of point estimates.

2. Experience of Other Scandinavian Cities

Summary data for Oslo, Gothenburg, and Stockholm were sim-
ilar to those for Copenhagen, revealing that a substantial sum-
mer pandemic wave with a low case-fatality rate had occurred
(table 3 and figure 2). The July summer wave in Oslo was most
striking, resulting in twice as many ILI cases as the fall wave. In
Gothenburg, the summer wave had ~1/3 as many ILI cases as
the fall wave. The impact that the pandemic had on the overall
mortality rate was low in Oslo, Gothenburg, and Stockholm:
0.18%-0.34% of the populations of those cities died from pan-
demic influenza during 1918-1919.

3. Estimates of Transmissibility (R)

Detailed results of our algorithm for the estimation of R dur-
ing the summer and fall waves of the 19181919 pandemic in
Scandinavian cities are given in the Appendix, which is avail-
able in the online edition of the Journal of Infectious Diseases.
Figure 3A illustrates the theoretical relationship between the
weekly growth rate and R, when short (2.6 days) and long (4
days) serial intervals are assumed; figure 3B illustrates our
estimation of the growth rate during the first weeks of the

summer and fall waves. In most cases, exponential growth
was observed for only 3 weeks (the longest exponential
growth lasted 4 weeks during the fall wave in Oslo; see the
Appendix, which is available in the online edition of the Jour-
nal of Infectious Diseases).

Summer wave. During the summer wave in Copenhagen,
the range of R was 2.2-3.0 for data on ILIs and 2.8-5.4 for data
on hospitalizations (table 4). Similarly high R values were esti-
mated from data on ILIs for Oslo and Gothenborg (table 3). The
estimation of R for the Oslo summer wave was complicated by
the fact that the surveillance data were available starting on 30
June 1918, well into the summer wave. Relying on independent
evidence that the epidemic began on 15 June [26, 27], we con-
ducted a sensitivity analysis assuming that the first week of the
epidemic started either 2 June or 9 June (table 5), generating a
range of R estimates that was 2.0-3.2—that is, in line with the
estimates for the other 2 Scandinavian cities.

Fallwave. We estimated R for the fall wave using the weekly
time series of ILI, influenza hospitalizations, excess respiratory
deaths, and excess all-cause deaths. During the 1918 fall wave in
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Figure 2. Scandinavian 1918 summer wave—weekly incidence of

cases of influenza illness and respiratory deaths in 4 Scandinavian cities,
during 1918—1919. Mortality data from Stockholm, Oslo, and Gotenborg
are based on data reported by Low [8] and depict pneumonia and
influenza (P&I) mortality; data from Copenhagen are based on all respi-
ratory deaths, including bronchitis (nearly 90% of deaths during the 1918
fall wave in Copenhagen were coded to bronchitis).

Copenhagen, the estimates of R were low, ranging between 1.2—
1.4 for the morbidity time series and 1.5-1.8 for the excess-
mortality time series (tables 4 and 5). The estimates of R were
similarly low for the other Scandinavian cities (table 3); the
between-city variability in estimates of R was less for the fall wave
than for the summer wave.

Sensitivity analysis. We also explored the likely magnitude
of the underestimation of R that would result theoretically from
our use of “raw” morbidity time series. Using instead the excess
ILI time series from Copenhagen, we found that, depending on
the duration of the serial interval, the range of estimates of R for
the summer wave was 2.6-3.6, which is somewhat higher than
the 2.2-3.0 range calculated when the “raw” ILI data were used.
Thus, our approach generated robust, although slightly conser-
vative, R values. The reason for this robustness is that we used a
maximum-likelihood estimator to estimate the growth rate vy,
which weighs the weekly observations according to the inverse of
their value.

DISCUSSION

The 1918-1919 A/HINI influenza pandemic is unique because
of its devastating mortality impact and because of the likely
purely avian origin of the culprit virus [28]. Experimental infec-
tions in macaques have demonstrated that the lethality of the
virus was likely attributable to aberrant innate immune re-
sponses—a “cytokine storm” [29]. The present population-
based epidemiological study complements virological studies by
describing the characteristics of the unusual 1918 summer pan-
demic wave in Copenhagen and other Scandinavian cities, which
was marked by high transmissibility, substantial morbidity, and
low mortality. Although the unusual characteristics of the sum-
mer wave were noted at the time by physicians and public health
authorities [8], they have not been quantified or considered in
the context of ongoing pandemic preparedness planning. The
findings of the present study could guide a search for historical
pathological specimens that could illuminate events in the early
phases of genetic adaptation of the avian 1918 A/HIN1 virus to the
human host.

We were able to characterize the 1918 summer wave in Co-
penhagen because, in the decades before and after that year, a
weekly surveillance system compiled data on respiratory ill-
nesses and deaths. Despite the few deaths attributed to influenza
in the summer wave, its general patterns were otherwise charac-
teristic of the 1918 influenza pandemic overall. First, its peak
morbidity rate was ~300-fold higher than that of any other sum-
mer during 1910-1917 and was ~50% that of the fall wave.
Second, it had the 1918-pandemic “signature” mortality age pat-
tern, with the highest mortality rate in young adults and sparing
of the elderly [11].

Similar surveillance systems were in place in Oslo, Gothen-
burg, and Stockholm [8]. Large geographic variations in mor-
tality rate during the 1918 pandemic have recently been re-
ported, with death rates in 26 countries around the world
ranging from 0.2% to 8% [30]. The cumulative 1918-1919
pandemic excess mortality rate in Scandinavian cities fell
within the low end of that range, with our estimates ranging
from 0.2% to 0.4% of the total population. It is possible that
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the possible timing of the first case in Oslo (see the Appendix, which is available in the online edition of the Journal of Infectious Diseases).

Scandinavia fared better than most other countries because
the mild summer wave had immunized a substantial subset of
the population—although socioeconomic differences also
correlated with mortality rates [30, 31].

Our analysis of weekly morbidity data from Scandinavia
paints a consistent picture of a substantial summer 1918 pan-
demic wave with such intense transmissibility that the virus de-
pleted a substantial number of susceptible hosts during just 3
weeks. We believe that our Scandinavian estimates of R for the
summer wave are the closest approximation yet to the true R, (a
measure of transmissibility in a fully naive population) for pan-
demic influenza, because these estimates are based on morbidity

data from the first pandemic wave, in a fully susceptible popu-
lation.

Using a reasonable range of serial interval values (2.6 —4 days),
we estimated that the R, for the summer wave ranged between
2.2-5.4 in Copenhagen and 2.0—4.8 in 2 other Scandinavian
cities. These estimates of R, are substantially higher than con-
temporaneous pandemic influenza estimates for the United
States (R ~ 2) and the United Kingdom (R ~ 2.0-2.1), in which
the authors based their analysis on mortality data from the fall
wave [1, 3, 4, 7, 9]. In Scandinavia, transmissibility was much
lower during the fall wave (R = 1.2-1.8) than during the sum-
mer wave. Interestingly, the low average R ~ 2.0 measured for

Table 4. Estimates of reproduction number (R), by wave, in Copenhagen.

1918 summer wave

1918 fall wave

Rshort Riong Rshort Riong
Data type (2.6 days) (4 days) (2.6 days) (4 days)
Cases of clinical influenza 2.2-2.4 2.8-3.0 1.22-1.24 1.29-1.33
Hospitalizations 2.8-4.0 3.6-5.4 1.2-1.3 1.3-1.4
Excess respiratory deaths? NA NA 1.4° 1.6°
Excess all-cause deaths? NA NA 1.50 1.8°

NOTE. R is based on 2 serial-interval parameter values—short duration (2.6 days) [4] and long duration
(~4 days) [1]. Ranges represent 95% confidence intervals. NA, not available.

@ R for the summer wave could not be estimated with precision, when mortality data were used,

because there were few deaths.

b The method for R estimation based on excess mortality does not allow for computation of confidence

intervals.
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Table 5. Statistical analysis of the weekly
growth factor (y), based on ILI data from 4
Scandinavian cities, during the summer and fall
waves of 1918.

The table is available in its entirety in the online
edition of the Journal of Infectious Diseases.

the fall wave in 45 US cities [1] is consistent with the possibility
that an earlier herald wave also occurred in the United States
[11]. Mills et al. [1] noted that, if the US population was ~70%
susceptible durind the fall, then Ry, would have been ~3-4,
which is in line with our estimates for the summer wave in Scan-
dinavia.

As discussed by Wallinga and Lipsitch [20], the inference re-
garding the value of R or R, depends on specific assumptions
about the duration of the serial interval. Different algorithms
and underlying data have led investigators to choose different
values for the serial interval, ranging from 2.6 [3, 4] to ~4 days
[1, 5, 6]. To facilitate comparison with previous studies, we
therefore elected to use this parameter range. Most important,
this key parameter has not been measured in pandemic-
influenza settings, and its value could well be higher than that
observed for seasonal influenza, because viral shedding may be
prolonged for novel influenza viruses [32].

We could not accurately measure the pandemic attack rate in
the present study; certainly, the observed ~5% prevalence of
clinically attended ILI cases during the Copenhagen summer
wave is an underestimate, because it excludes asymptomatic
cases and unattended clinical cases. For a homogeneously mixed
population, the theoretical attack rate for Ry = 3 would be much
higher, at ~94%. However, this theoretical estimate does not
take into account the complexities of heterogeneous mixing,
host-genetic or age-specific differences in susceptibility, or
changes in behavior and mixing patterns during the course of the
summer wave, such as the fact that the school year ended in early
July [31, 33].

The Scandinavian-summer-wave experience is probably rep-
resentative of a wider European or even global experience of a
mild first pandemic wave. The existence of a summer wave has
been documented in several European countries, including the
United Kingdom, Belgium, and Spain [8, 10], even though its
characteristics apparently differ between countries. For exam-
ple, astudy from Geneva found lower transmissibility during the
summer wave (R = 1.5) than during the fall wave (R = 3.8) [10].
Another study, from Madrid, found that most deaths occurred
during the summer wave; by contrast, the fall wave was very mild
[8]. Furthermore, in the Americas, a herald wave of excess mor-
tality occurred in New York City during the late spring of 1918
[11], and a May 1918 mortality wave was reported in Mexico
[34]. However, without the availability of morbidity data, it is
not possible to know whether these waves also had low case-

fatality rates. Last, a recent study from China reported a June
mortality wave in Hong Kong and Shanghai that was similar in
magnitude to the fall wave [35].

There are several possible biological explanations for the
Scandinavian pattern, which is characterized by a mild summer
wave followed by a fall wave less lethal than that experienced in
other countries. The “evolutionary” hypothesis is that the pan-
demic virus acquired transmissibility before summer and only
later acquired the virulence factors that caused high mortality.
An alternative, “robustness” hypothesis is that Scandinavian
populations were more robust during summer months and thus
less prone to infection and severe disease outcomes during the
first wave [36], suggesting that transmissibility and mortality
could have been even higher had the first wave occurred during
the colder months. Under both the “evolutionary” and “robust-
ness” hypotheses, the low transmissibility of the fall wave may be
explained by partial cross-protection from summer exposure to
a related influenza A/HINI1 virus. Unfortunately, neither of
these hypotheses fully explains the observed phenomenon of 2
closely spaced pandemic waves during 1918, each with a high
attack rate and rapid burnout of susceptibles. We note that the
“evolutionary” hypothesis implies that it is possible for a pan-
demic virus to acquire the ability to be efficiently transmitted
between humans first and to become highly virulent later—a
counterintuitive evolutionary pattern. Studies of differences be-
tween the genomes of viruses circulating during the summer and
fall waves—should any viruses from summer 1918 be found—
would shed light on this interesting hypothesis.

In conclusion, the Scandinavian 1918 summer-wave experi-
ence is immensely interesting in the context of planning for fu-
ture pandemics. On one hand, our upward reassessment of R,
for the 1918 virus is not good news. Existing simulation models
of pandemic influenza assume a low Ry, of <2, and findings
suggest that mitigating a future pandemic would be possible
with a combination of medical and nonmedical intervention
strategies; but the higher estimates of R, for the Scandinavian
experience would make that assessment overly optimistic. On
the other hand, in hindsight, a mild summer wave may actually
be something that one would not want to mitigate, because it
may afford the population some protection against lethal subse-

quent waves.
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