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Mortality estimates of the 1918 influenza pandemic vary considerably, and recent estimates have suggested
that there were 50 million to 100 million deaths worldwide. We investigated the global mortality burden using an
indirect estimation approach and 2 publicly available data sets: the Human Mortality Database (13 countries) and
data extracted from the records of the Statistical Abstract for British India. The all-cause Human Mortality Data-
base was used to estimate mortality annually for 1916–1921 for detailed age groups. Three different calculation
methods were applied to the data (low, medium, and high scenarios), and we used a multilevel regression model to
control for distorting factors (e.g., war and the underlying time trend in mortality). Total pandemic mortality was an
estimated 15 million deaths worldwide in 1918 (n = 2.5 million in 1919) after including the rates for British India and
controlling for wars and the underlying mortality trend. According to our validity analysis, simulations of total num-
ber of deaths being greater than 25 million are not realistic based on the underlying mortality rates included in
Human Mortality Database and in British India. Our results suggest the global death impact of the 1918 pandemic
was important (n = 17.4 million) but not as severe asmost frequently cited estimates.
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In this article, we estimate the global death burden of the
1918 influenza pandemic. The burden has been estimated many
times over the past 100 years, and the estimated burden grad-
ually has increased. One of the oldest estimates was made by
Jordan in 1927 (1), who estimated the global burden to be
approximately 21.6 million deaths. Patterson and Pyle (2), in
1991, estimated the burden to be 30million (ranging from 24.7
million to 39.3 million). In 2002, Johnson and Mueller (3) re-
ported a range of 50 million to 100 million deaths, with 50mil-
lion closer to the results from the studies they cited, and 100
million being the upper limit, because they believed 50 million
to be an underestimate (3).

The 1918 pandemic occurred in 3 or 4 waves and the spatio-
temporal spread has been described in several studies (2, 4, 5).
The first wave occurred around spring 1918 andwas considered
mild. The second wave, which was global, started in August
and lasted until the end of December 1918, and is considered
to have been, by far, the most deadly wave. The third wave was
only seen in some countries in early 1919, and some authors
think there may have been a fourth wave in 1920 (3).

Interestingly, there was a strong similarity between the 1918
and 2009 pandemics in the northern hemisphere (first wave in
spring/summer, second global (and more deadly) wave in the

last 4 months of 2009). In the southern hemisphere in 2009,
the second wave occurred in July and August (the same period
as the seasonal epidemic). The timing of the pandemic waves
indicates the speed of spread around the world is surprisingly
similar, except the 2009 pandemic reached the southern hemi-
sphere more quickly.

Methods to estimate the death burden at a global level can
be divided approximately into 2 approaches. The first is a direct
estimation method based on cause-specific deaths. The second
approach is to use an indirect estimationmethod, which is based
on all-cause mortality only. The main problem with both ap-
proaches is that a reference death rate is needed to calculate
the excess, because the deviation from this reference is the
estimate of excess mortality. That both methods have their pro-
blems if they are used to estimate the pandemic death burden
has long been recognized (6–10). Estimates vary a lot; there-
fore, our objective in this study was to re-estimate the global
mortality rate of the 1918–1919 pandemic by 1) using data based
on the total population (vital statistics); 2) including the death
rates in the years before and after the pandemic; 3) taking into
account the death rate in different age groups; and 4) taking into
account other factors that influence death rates, such as war and
the underlying time trend inmortality.
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METHODS

Data sources

The data used in our analysis mainly were from the Human
Mortality Database (11), which has population and death data
for several countries by age by year. The death counts come
from national registries, and the population counts come from
periodic censuses and/or official population estimates (vital
statistics). We used 10 age classes (grouped in years): 0, 1–4,
5–9, 10–14, 15–19, 20–29, 30–39, 40–49, 50–59, and 60 or
older). A total of 13 countries had sufficient data for our study
period (1916–1921); the total combined population of these 13
countries was 159million in 1918.

Because most countries in the data set are in Europe and,
according to the literature, the burden in some parts of Asia was
much larger (3), we added data for British India (which we call
India in the rest of the article, although it represents a larger
geographical area than the current state of India (see Web
Figure 1, available at https://academic.oup.com/aje)). These data,
which are available for the same 10 age categories, were taken
from the Statistical Abstract for British India (12). Consider-
ing the Indian population was 243 million people in 1918, the
combined total population covered by our sample of 14 coun-
tries is 402million, which was approximately 20% of the world
population in 1918.

Measurement procedure

Given that we used all-cause mortality data, we took an indi-
rect calculation approach. We created a sample of yearly total
death rates for the 14 countries and, based on this assessment,
the yearly average pandemic excess death burden for the sam-
ple was estimated. Next, we assumed the sample average could
be viewed as a valid estimate of the global pandemic mortality
rate and, using the total world population, we estimated the total
number of deaths.

We used 3 scenarios to assess the pandemic burden, with
each scenario differing in the choice of mortality rate as the
reference value. The reference values are derived from the 2
years before (1916, 1917) and the 2 years after (1921, 1922)
the pandemic. The excess was estimated as the death rate in the
pandemic year (1918 or 1919) minus the reference death rate.
We chose the reference values such that we have expected high,
medium, and low pandemic burden scenarios. To explain, we
provide a fictitious example for which death rates, per 100,000,
for each year from 1916 through 1921 are as follows: 1916 =
3,700; 1917 = 3,500; 1918= 5,800; 1919 = 4,600; 1920 = 4,500;
and 1921 = 4,400. In this example, the reference year in the
high scenario is 1917, this is the reference year with the low-
est mortality rate. This choice maximizes the difference in
mortality rate between the pandemic year (1918) and the ref-
erence year and produces the highest excess mortality rate.
The underlying idea is that we assumed the variation between
the reference years was mostly due to variation in seasonal
influenza. Other causes are constant, meaning they cause no
variation between the reference years. In the low scenario, we
did the opposite: We selected the reference year closest to the
pandemic year (note: reference years with higher values than
the pandemic year are ignored), which is 1920 in our example.

Nowwe assumedmost of the variation between reference years
was due to other causes (e.g., war, famine, other diseases). It is
important to note that the choice of reference year differs
between countries and also between age groups within a coun-
try. In the medium scenario, the reference value is the average
mortality rate over the 2 years before and after the pandemic.
In this scenario, we assumed variation between reference years
was due to seasonal influenza and other causes.

Statistical model

Although calculations can be done directly using the sample
data, we developed a multilevel regression model to estimate
the average excess mortality rate. An important advantage of
using amultilevel regressionmodel is that it is possible to correct
for distorting factors (e.g., wars or famines). In 1918, several
of the sampled countries were at war, leading to excess mor-
tality rates (e.g., England and civil war in Finland). Ignoring this
factor would lead to an overestimation of the pandemic burden.
This approach also allowed us to correct for long-term trends in
the series within a country (controlling for the time series being
nonstationary).

Within themultilevel regressionmodel, yearlymortality rates,
the dependent variable, are nested within countries; level 2 is the
country level and level 1 is the 6 years within a country. The
independent variables are measurement procedure indicators
and correction variables (for a more elaborate discussion of the
model, seeWebAppendix 1).

Validity tests

To test the robustness of our model, several tests were per-
formed. 1) We tested the sensitivity of the method by using
different subsets of the data; 2) we explored the India data in
more detail (by region); 3) we looked at the estimated death
rate per age group to find out which scenario (low,medium, high)
bestfit the pandemic age signature (13); 4)we simulated the effect
of several fictitious pandemic excess rates on a year with a normal
global mortality rate (1922) to explore the credibility of those
excess rates; and 5) we applied the methods to other pandemics.

RESULTS

Overview of the available data

If one looks at the total population mortality rates for the
14 countries in our study over a range of years (see Web
Figure 2A–2K), in almost all countries there was a clear spike
in mortality in 1918, except in Denmark (however, this does
not mean that Denmark did not have any deaths due to the
pandemic). In general, India had a higher mortality rate and
there was a very high spike in 1918. For the European coun-
tries that experienced a war in 1918, the spike was substan-
tially higher in Finland, France, England, and Italy; the only
exception was Spain.

In Web Figure 2A–2K, we present the same graphs for the
different age groups. If one looks at the younger age groups
(i.e., 0, 1–4), there was not a clear overall spike in 1918 for all
countries. In the middle age groups, from 15 to 59 years, the
spike in 1918 was present in all countries (including Denmark).
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And in the group age 60 years or older, there was no clear pat-
tern. What these graphs indicate is that it is important to assess
the burden from age-specific data and that assessments using
total population data can introduce large errors (e.g., Denmark).
The importance of age differences in a pandemic was recog-
nized very early on: “This epidemic presented a sudden and
very remarkable change in the behaviour of influenza. It de-
stroyed not the very young or the old, but the adolescent and the
adult” (10, p. xiv), and differences inmortality rate by age group
have become a signature of an influenza pandemic (13, 14).

Results of the 3 scenarios

Table 1 gives the 1918–1919 results for the 3 scenarios. First,
the model-based results without correction are presented, then
the model in which the underlying time trend in mortality was
corrected for, and, finally, the model in which war in 1918 in
Finland, Italy, France, England andWales together, and Scotland
alsowas corrected for.

The choice of the reference value had a profound influence
on the pandemic impact in the different scenarios. The medium
scenario in all models had a lower total mortality estimate com-
pared with the low scenario. Correcting for war deaths also sub-
stantially reduced the estimated pandemic excess burden. Adding
the trend did not have such a strong effect in 1918.

Validity analysis

Our first validity test used different subsets of the data. Ignor-
ing the India data resulted in a reduction of more than 5 million
deaths globally in 1918 in all 3 scenarios; the difference was
much smaller in 1919 (see Web Table 1A and 1B). Using 20
age categories instead of 10 did not have a strong effect. This
analysis was run without the India data because these data were
only available for 10 age categories (seeWebTable 1A and 1B).

Second, we explored the very high death rate in India (com-
pared with the other 13 countries in the sample) in more detail
(seeWeb Figure 2A–2K), and the crucial question was whether
the mortality in India was driven by influenza or other factors
(e.g., famine or other illnesses). If we look at the yearly

death rates for 1912–1933 for the total population (see Web
Figure 2A–2K), the death rate in India was very high in 1917
compared with the previous years (1912–1916), suggesting
that other factors affected the death rates in India. If we look
at the different age groups in India, there was a spike in 1918
in all these groups (seeWeb Figure 2A–2K). In the other coun-
tries, only in those at war was there a clear spike in these age
groups, but the spikes are much smaller. The only exception
was Spain. This difference in age effects is contrary to the age
signature of influenza pandemics and suggests that other fac-
tors caused the high spike in India in 1918.

We also reviewed data for India by month and year. Using
the medium calculation procedure, we compared 1918–1919
mortality rates with the average over the reference years per
month (seeWeb Table 2). It is well documented that the second
wave peaked in India in September, October, and November
(5, 10, 13, 14). For the other months, one would expect that,
in 1918 and 1919, compared with the average of the 4 refer-
ence years, the excess mortality would be positive sometimes
and sometimes negative. In our analysis, however, excess mor-
tality is always positive, suggesting that other factors affected
the mortality rate. If we average the excess over the first 8
months of 1918, the monthly mortality rate was 77 per 100,000.
This monthly mortality rate is equal to a yearly excess for 1918
of 924 per 100,000 due to other causes, which is substantial.

India had a strong regional variation in death rates in 1918
that had an odd pattern (10, 14). In the western provinces, the
excess rates varied between 4,000 and 6,660; in the United
Provinces, the excess dropped to 2,290; and in the east (Burma
and Bengal), the excess mortality dropped to 600 and 470, re-
spectively—values seen in many other countries. The Statisti-
cal Abstract (12) from which we derived our data also reported
deaths resulting from other causes. One might expect that influ-
enza would be recorded as respiratory disease, but looking at
the different years, there appeared to be hardly any increase in
1918. The strong increase is seenwithin the death cause “fevers,”
so the influenza excess mortality is recorded under the same
heading that also includes, for example, malaria.

Figure 1 shows how the excessmortality rates behave for differ-
ent age groups under the 3 scenarios (the rates were controlled

Table 1. Estimated AverageGlobal Mortality Rates Under the 3 Scenarios Using Different CorrectionModels, Influenza Pandemic, 1918–1919

Estimation Strategy and Year

Low Medium High

Rate per
100,000

Death Count,
millions

Rate per
100,000

Death Count,
millions

Rate per
100,000

Death Count,
millions

Model-based calculation

1918 906.0 17.31 839.8 16.04 1,068.4 20.41

1919 147.6 2.84 89.1 1.72 309.2 5.96

Model corrected for time trend

1918 872.8 16.67 821.6 15.69 1,022.2 19.52

1919 152.5 2.94 103.6 2.00 278.8 5.37

Model corrected for war in
1918 and time trend

1918 813.4 15.34 761.5 14.54 964.4 18.42

1919 152.7 2.94 103.6 2.00 279.6 5.39
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for war and time trend). For the middle age groups, the dif-
ference between the scenarios is smallest. The difference is
greatest for the oldest and especially in the youngest age groups.
If the theory that pandemic excess mortality was smallest in the
old and young, the medium and low scenario behave the best,
although the low scenario for the young also leads to some
overestimation of excess mortality. Web Figure 3A–3E shows
how the scenarios behave without corrections and with a cor-
rection for the time trend only. We conclude that correcting for
war and the time trend helped control for the overestimation in
the young and elderly. For 1919, this picture was similar, with
the biggest difference in the young (seeWeb Figure 3A–3E).

In the fourth validity analysis, we assessed the impact of
different, fictitious, total influenza mortality estimates on the
global death rate in a normal year (1922) and compared these
with the observed 1918 total death rates for the countries in the
sample (Web Figure 4A and 4B). Generally, when our model
was applied to a fictitious excess of 10 million deaths, the re-
sults resembled the excess number of deaths in the nonwar sam-
ple of European countries in the pandemic years: 20–30 million
deaths resembles the numbers in the European countries with
war (including the war casualties), 50 million resembles the
excess rates in India, and 100 million means that India would
be a country below the average excess mortality rate and would
not be the hardest hit country by the 1918 pandemic (as it is often
described in the literature).

Last, we tested the robustness of our method by checking
what excess mortality would be estimated for other influenza
pandemics or infectious diseases worldwide that had a spike in
incidence in 1–2 years (e.g., smallpox). We selected the other
3 known influenza pandemics in the 20th and 21th century
(i.e., 1957–1958, 1968–1969, and 2009–2010), the potential
pandemic in 1889–1890, and the smallpox pandemic from
1871 to 1872. Results are presented in the Web Appendix 2,
Web Tables 3 and 4, and Web Figure 5A–5T. The results for
the 3 other influenza pandemics were reasonably in line with
what is reported in the literature (15–17). The burden in 1969
was higher than the burden in 1968, which is also confirmed
by the literature. But if we look at the excess mortality per age

group (see Web Appendix 2, Web Tables 3 and 4, and Web
Figure 5A–5T), the eldest and youngest age groups had a large
contribution. Because pandemics appear to have affected mainly
the ages groups encompassing 20–60 years (13), a highmortality
excess in the oldest and youngest age groups suggests that the es-
timates might be too high, although it may be that the numbers
given in the literaturemight be too high.

The basic assumption of our assessment is that the average
excess mortality rate of a sample of country excess mortality
rates is a reasonable approximation of the global excess mor-
tality rate. An important strength of our approach is that each
country estimate is based on real data from population regis-
tries (vital statistics). The use of total death rates makes
underestimation highly unlikely; theoretically, underestimation
could only occur if the number of deaths resulting from other
causes in 1918wasmuch lower than that seen in the other years,
and this would have had to occur in most countries in our sam-
ple. Another way our approach could lead to an underestimation
would be that we have unusual reference years, meaning that in
1 year, the mortality was exceptionally high and this had to hap-
pen inmany countries in the sample. However, thiswouldmainly
affect the low scenario; the high scenario would be unaffected.
Another possibility that would mostly affect the high scenario
would be if the mortality rate for all 4 reference years was
exceptionally high, but this would also have to have occurred
in many countries in the sample. We have no reason to assume
that any of these possibilities occurred in the HumanMortality
Database sample data.

Considering we used population registry data, our estimates
have a clear and well-defined denominator, which makes the
excess mortality rates between countries comparable. Another
stabilizing effect on the sample country excess mortality rates
is that each country has a sample size of more than 1 million
people (except Iceland). Studies on the epidemiology of pan-
demic influenza have shown that an epidemic takes 2–3months
to sweep homogenously through a country and that case fatality
follows a general, not country-specific, age pattern (9, 10, 13, 15).
This pattern does not mean that in every part of a country, or
between countries, the incidence and excess mortality rates are
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Figure 1. Estimated average excessmortality rate for 1918, per scenario, for the 10 age groups, corrected for war and time trend in mortality.
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the same, but by using age-specific estimates, we can prevent
under- or overestimation due to different age patterns.

Another aspect that limits under- and overestimations is the
high similarity among influenza pandemics, which leads to the
assumption that the country-specific excessmortality rateswould
follow a unimodal distribution. In our sample, most countries
had similar corrected excess mortality rates; the only excep-
tion was India, which was an outlier at the high end of the dis-
tribution. The data from India, in turn, resulted in a much higher
average (global) excess mortality rate compared with the situ-
ation if India was not included in the sample (Table 2). Even
if most of the countries not included in our sample had excess
mortality rates higher than the European (corrected) rates but
lower than that of India, the effect on the overall global aver-
age would be limited (probably a few million more deaths
globally). The effect would mainly influence the variance of
the distribution. If the countries not in the sample had mor-
tality estimates that resembled or were higher than the excess
mortality rate (and also followed India’s different age mortal-
ity pattern), we would have a bimodal distribution, which sug-
gests the excess mortality age pattern would be different in
these countries. It is also important to note that an estimate of
25 million deaths or more for the global burden requires such
a bimodal distribution, which would mean that the relation
between pandemic excess mortality and age is completely dif-
ferent (the highest mortality would be expected to be in those
younger than 14 years and older than 60 years), and that other
causes of death besides pneumonia (or, more broadly, respira-
tory diseases) play a larger role.

To illustrate this latter point, we performed an age analysis
of the Indian excess mortality rates by dividing the popula-
tion into 4 age categories (0–14, 15–24, 25–59, and 60 years
or older) and comparing the relative contribution of each age
group to the total population in each year. The age group with
a relatively lower proportion (and so, on a graph, would show
a dip) in 1918 and 1919 compared with the other years would
be the age group with the highest relative death rate in the pan-
demic years. According to this analysis (see Web Figure 6),
the age group with the highest relative mortality in India was
the age group 0–14 years, which is very unexpected because
it means the expected excess mortality age pattern in India was
different than that in all other countries in the sample, in which
that age group had the lowest relative excess mortality years
(see Figure 1 andWeb Figure 3A–3E) (9). An explanation for
this finding is that changes in other, unknown causes of death
not related to the pandemic influenza virus explain the pattern

in India. As discussed previously, we think this is more likely
than a different mortality age pattern due to pandemic influenza.
This oddity was also noted by Hill (18), who decided to remove
the mortality rate for the age group younger than 5 years. The
change from respiratory cause to other causes was discussed
previously for India.

DISCUSSION

We assessed the impact of deaths during the 1918–1919
pandemic using an indirect estimation method that included
data for 14 countries, including India, and controlled for wars
and the underlying trend in deaths. Our best estimates are the
medium and low estimates. The low estimate is closer to the
expected estimate for the young and old, and the medium is
closer to the expected estimate for the middle age groups.
Therefore, our final estimate is the average of the 2 scenarios,
which is an estimate of 15million deaths in 1918 and 2.5million
in 1919 (see Table 2).

Although our results seem to conflict with those reported
in the literature, this is mainly the case with more recent arti-
cles that give a global burden estimate. For instance, in a study
in which a similar method was used to compare data from
Japan, the United States, and the United Kingdom (19) (i.e.,
the reference value is based on averaging over a few years
before and after the pandemic), the all-cause excess mortal-
ity rate per 100,000 was 970 for Japan, 280 for the United
Kingdom. and 590 for the United States. The authors also made
the comparison on the basis of cause-specific rates (i.e., pneu-
monia and influenza), resulting in excess rates of 760 for Japan,
400 for the United Kingdom, and 600 for the United States.
These excess mortality rates are in line with our results.

The large variation in the literature between different regions
of the same country also is surprising. For instance, in India,
the excess mortality rates varied between districts from 470
to 6,660 per 100,000 (14). In US cities, excess mortality rates
varied less, from 150 to 800 per 100,000 (for pneumonia and
influenza) (20). If we look at the variation between countries,
the differences were even larger, from 120 up to 44,500 per
100,000 (3). Are these large differences reasonable? In the 2009
pandemic, the differences between countries were much smaller
(14). The reasons for the between-country variation in 2009
has been studied (21) and the most important factor was the
difference in the population distribution (a pyramid),with younger
populations had a higher burden of death, and, to a much lesser
extent, the variation in death rates due to other respiratory

Table 2. Best Estimate for the Global Influenza Pandemic ExcessMortality and Death Toll, 1918–1919a,b

Year
HMDWithout British India HMD and British India

Rate per 100,000 Death Count, millions Rate per 100,000 Death Count, millions

1918 487 9.29 787.5 14.94

1919 101.1 1.95 128.2 2.47

Total 11.24 17.41

Abbreviation: HDM, HumanMortality Database.
a Model corrected for war in 1918 and time trend for mortality.
b Average of the low andmedium scenarios is reported.
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infectious diseases. Differences in the population pyramid and
infectious diseases were smaller in 1918; thus, the between-
countries variation in 1918 should be smaller than that in 2009.
Large variations in 1918 could be an indication that other causes
of death played a role in the number of excess deaths during the
pandemic years.

We also show that the estimation method (i.e., a large dif-
ference between high and low) can partly explain variation in
the overall estimates. For India, estimates have been made that
differ by 10 million using similar methods (18). Finding a good
method is difficult, which has been recognized for a long time
(6, 8). Also, the choice of the reference period can have a pro-
found influence on the estimates. It is generally believed that
the highest mortality rate across countries occurred in 1918 dur-
ing the studied period, but this was not always the case. In
BritishMalaya, for example, during 1911–1920, the death rates
in most years was a little greater than 2,000; in 1918, the rate
was 5,380, but in 1911, the death rate was 6,510, and this was
attributed to a malaria epidemic (22). Such local epidemics
would probably not only occur in reference years but also in
1918, resulting in an overestimation of the pandemic burden.

An important advantage of using age-specific, all-cause
mortality and comparing the findings with those from refer-
ence years is that underestimation is less likely. Overestimation
might be more of an issue because we only corrected for war
casualties and the time series being nonstationary. A potential
important weakness of our sample is that most countries in the
sample are in the same part of theworld (mainlywestern Europe).
But this is less of a problem for the representativeness of the
sample, because pandemic influenza spreads homogenously
through a population and excess mortality occurred mostly in
the middle age groups and was caused by pneumonia, a pat-
tern seen in all countries globally (10).

The graph inWeb Figure 4A is a simple but powerful way to
put the global total deaths into context. The graph clearly makes
the point that global death burden values of 25 million or more
are unlikely, because these values result in average death rates
that are above the actual average death rate and, as discussed,
a burden of 100 million deaths is highly unlikely because, in
that case, there would have been many countries that had
even much higher mortality rates than India. Another impor-
tant point is that researchers should argue how they dealt with
potential overestimation in the young and elderly, other causes
of increases in the number of deaths (e.g., war, famine, other
infectious epidemics), and how they corrected for time trends.

In the present study, the best estimate (including India) for
global influenza pandemic deaths is 15million, with an excess
death rate of 788 per 100,000, in 1918; and 2.5 million deaths,
with an excess death rate of 128 per 100,000, in 1919. The reader
should be aware that this estimate may be too high because of
limited possibilities for corrections. If one assumes that, espe-
cially for India, the results are a clear overestimation, it is prob-
ably better to use the results excluding data from India, which
results in an estimate for 1918 of 9.3 million deaths (a rate of
487 per 100,000), and of 2 million deaths (a rate of 101 per
100,000) for 1919. Especially for western India, these pro-
blems should be studied in further detail, but it is crucial that
information about other causes of death that led to higher mor-
tality rate are included in the analysis and time trends in mortal-
ity are also taken into account.

Another way to improve the estimates would be to add
population-based, age-specific total death data from other parts
of the world. For instance, there is a discussion that China was
hit mildly by the 1918–1919 pandemic (23). If this is the case,
wemay have overestimated the true burden.

To put the global mortality burden for the 1918 pandemic in
perspective, one can compare the burden with the other influ-
enza pandemics. Doing so shows the 1918 burden was very
high. Interestingly, other aspects of the influenza pandemics
are quite similar: The spread around the world was compara-
ble and most deaths occurred in over 6 weeks and spared the
young and elderly. But comparing the death burden with that
of the 1871 smallpox epidemic (24) indicates the global bur-
den also was higher. This was probably due to the nature of the
diseases, with influenza spreading equally through all parts of
a country and the mortality rate mostly independent of envi-
ronmental circumstances. For smallpox, environmental factors
(e.g., dirty environment, population density, crowded housing
conditions) played an important role, and isolation of infected
people had a strong impact on the spread of the disease.

This can be clearly shownwith the example of theNetherlands.
The smallpox (1871–1872) and influenza (1918) pandemics
had a similar nationwide excess mortality rate of approximately
550 per 100,000 people for the country as a whole. But if we
look at the rates per province (n = 11 in total), we see large
differences between the 2 pandemics. For the 1918 influenza
pandemic, most provinces had similar mortality rates (although
the province with the smallest population size had a rate twice
as high). Mortality rates were much higher in the smallpox epi-
demic in the western part of the country (per 100,000 people,
the numbers for the provinces of Noord-Holland, Zuid-Holland,
andUtrecht were 638, 1,315, and 1,351, respectively), which in-
cludes the most densely populated areas of the country and the
4 largest cities. Here, the smallpox excess mortality was twice
that of the 1918 influenza pandemic. In the rest of the country,
the opposite occurred: The 1918 influenza excess mortality was
twice that of the smallpox epidemic (10, 25).

In conclusion, we have developed an indirect estimation
method using vital statistics population data. Our best estimate
(a total of 15 million deaths in 1918) is lower than recent esti-
mates (50–100 million) and shows that researchers need to be
careful with the methods they choose to make their estimates.
For example, researchers must take into account wars and other
possible causes of increases in numbers of deaths, and the
underlying time trends in mortality. We also show that it is
important to test the theoretical feasibility of estimates (e.g.,
100 million deaths), because results of such tests suggest the
true estimate is very unlikely to be higher than 25 million and
probably closer to our final estimate of 17.4 million deaths (1918
and 1919 combined).
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