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Abstract 

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 Database 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 number 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 

as most frequently cited estimates. 

 

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 gradually 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 30 million (ranging from 24.7 million to 39.3 million). In 2002, Johnson and Mueller (3) reported 

a range of 50 million to 100 million deaths, with 50 million 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 spatiotemporal spread has been described in 

several studies (2, 4, 5). The first wave occurred around spring 1918 and was considered mild. The 

second wave, which was global, started in August and lasted until the end of December 1918, and is 
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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 hemisphere 

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 estimation method, which is based on all-cause mortality only. The main 

problem with both approaches 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 problems if they are used to estimate the pandemic death burden has long been recognized (6–

10). Estimates vary a lot; therefore, 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 in mortality. 

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 159 million 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.proxy.library.uu.nl/aje)). These data, which are 

available for the same 10 age categories, were taken from the Statistical Abstract for British India (12). 

Considering the Indian population was 243 million people in 1918, the combined total population 

covered by our sample of 14 countries is 402 million, which was approximately 20% of the world 

population in 1918. 

Measurement procedure 

Given that we used all-cause mortality data, we took an indirect 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 sample 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 
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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 lowest 

mortality rate. This choice maximizes the difference in mortality rate between the pandemic year 

(1918) and the reference 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. Now we assumed most 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 country. 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 a 

multilevel regression model 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 mortality 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 the multilevel regression model, yearly mortality 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, see Web Appendix 1). 

Validity tests 

To test the robustness of our model, several tests were performed. 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) 

best fit 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 countries that experienced a war in 1918, the spike was substantially 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 
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Denmark). And in the group age 60 years or older, there was no clear pattern. 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 recognized very early on: “This epidemic presented a sudden and very remarkable 

change in the behaviour of influenza. It destroyed not the very young or the old, but the adolescent 

and the adult” (10, p. xiv), and differences in mortality 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 and Wales 

together, and Scotland also was corrected for.  

[Table 1.] 
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 compared with the 

low scenario. Correcting for war deaths also substantially 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. Ignoring 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 (see Web Table 1A and 1B). 

Second, we explored the very high death rate in India (compared with the other 13 countries in the 

sample) in more detail (see Web 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 (see Web Figure 2A–2K). In the other countries, 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 factors 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 (see Web 

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 reference years, the excess mortality would be positive sometimes and 

sometimes negative. In our analysis, however, excess mortality 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, respectively—values seen in many other countries. The Statistical Abstract (12) from which we 
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derived our data also reported deaths resulting from other causes. One might expect that influenza 

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 seen within 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 excess mortality rates behave for different age groups under the 3 scenarios 

(the rates were controlled for war and time trend). For the middle age groups, the difference 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 correction 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 (see Web Figure 3A–3E). 

[Figure 1] 
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 results resembled the excess number 

of deaths in the nonwar sample 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 high mortality excess in the oldest and youngest age groups 

suggests that the estimates might be too high, although it may be that the numbers given in the 

literature might 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 mortality rate. An 

important strength of our approach is that each country estimate is based on real data from 

population registries (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 1918 was much lower than that seen in the other years, and this would have had to occur in 

most countries in our sample. 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 happen in many countries in the sample. However, this would mainly 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 
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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 Human Mortality 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 pandemic influenza have 

shown that an epidemic takes 2–3 months 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 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 excess mortality rates would 

follow a unimodal distribution. In our sample, most countries had similar corrected excess mortality 

rates; the only exception was India, which was an outlier at the high end of the distribution. The data 

from India, in turn, resulted in a much higher average (global) excess mortality rate compared with the 

situation 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 average 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 mortality estimates that resembled or were higher than the excess mortality rate (and also 

followed India’s different age mortality pattern), we would have a bimodal distribution, which 

suggests 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 different (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, 

respiratory diseases) play a larger role.  

[Table 2.] 
 

To illustrate this latter point, we performed an age analysis of the Indian excess mortality rates by 

dividing the population 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 

pandemic 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 and Web 

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 
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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 15 million deaths in 1918 and 2.5 million 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 articles 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 mortality 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., 

pneumonia 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 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 difference 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 profound influence on the estimates. It 

is generally believed that the highest mortality rate across countries occurred in 1918 during the 

studied period, but this was not always the case. In British Malaya, 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 reference 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 the world (mainly western 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 pattern seen in 

all countries globally (10). 

The graph in Web 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 important 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. 
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In the present study, the best estimate (including India) for global influenza pandemic deaths is 15 

million, 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, especially for India, the results are 

a clear overestimation, it is probably 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 problems should be studied in further 

detail, but it is crucial that information about other causes of death that led to higher mortality rate 

are included in the analysis and time trends in mortality 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, we may 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 influenza 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 

comparable 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 burden 

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 environmental 

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 shown with the example of the Netherlands. 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 epidemic in the western part of the country 

(per 100,000 people, the numbers for the provinces of Noord-Holland, Zuid-Holland, and Utrecht were 

638, 1,315, and 1,351, respectively), which includes 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 estimates (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). 

ACKNOWLEDGMENTS 

Author affiliation: NIVEL (Netherlands Institute for Health Services Research), Utrecht, Netherlands 

(Peter Spreeuwenberg, Madelon Kroneman, John Paget). 

Conflict of interest: none declared. 

 



Spreeuwenberg, P., Kroneman, M., Paget, J. Reassessing the global mortality burden of the 1918 

influenza pandemic. American Journal of Epidemiology: 2018, 187(12), 2561-2567 

 
   
This is a Nivel certified Post Print, more info at nivel.nl 9 

REFERENCES 

1. Jordan EO. Epidemic Influenza: A Survey. Chicago, IL: American Medical Association; 1927. 

2. Patterson KD, Pyle GF. The geography and mortality of the 1918 influenza pandemic. Bull Hist 

Med. 1991;65(1):4–21. 

3. Johnson NP, Mueller J. Updating the accounts: global mortality of the 1918–1920 “Spanish” 

influenza pandemic. Bull Hist Med. 2002;76(1):105–115. 

4. Vaughan WT. Influenza: an epidemiologic study. Monographic series no. 1. Am J Hyg. 1921;1(5-

6):1–260. 

5. Frost WH, Sydenstricker E. Epidemic influenza in foreign countries. Public Health Rep (1896–

1970). 1919;34(25): 1361–1376. 

6. Pearl R. Influenza studies: 1. On certain general statistical aspects of the 1918 epidemic in 

American cities. Public Health Rep (1896–1970). 1919;34(32):1743–1783. 

7. Christian HA. Incorrectness of the diagnosis of death from influenza. Presence of 

bronchopneumonia in practically all persons severely ill with pneumonia. JAMA. 1918;71(19): 

1565–1566. 

8. Sydenstricker E, King ML. Difficulties in computing civil death rates for 1918, with especial 

reference to epidemic influenza. Public Health Rep (1896–1970). 1920;35(7): 330–345. 

9. Frost WH. Statistics of influenza morbidity: with special reference to certain factors in case 

incidence and case fatality. Public Health Rep (1896–1970). 1920;35(11):584–597. 

10. United Kingdom, Ministry of Health. Report on the Pandemic of Influenza 1918–19. London, 

UK: His Majesty’s Stationary Office; 1920. 

11. Human Mortality Database. University of California, Berkeley (USA), and Max Planck Institute 

for Demographic Research (Germany). www.mortality.org. Accessed December 9, 2016. 

12. Statistical Abstract for British India 1915–16 to 1924–25. London, UK: His Majesty’s Stationary 

Office; Series 59; 1926. 

13. Miller MA, Viboud C, Balinska M, et al. The signature features of influenza pandemics – 

implications for policy. N Engl J Med. 2009;360(25):2595–2598. 

14. Influenza in India, 1918. Public Health Rep. 1919;34(30): 1624–1625. 

15. Simonsen L, Spreeuwenberg P, Lustig R, et al. Globalmortality estimates for the 2009 influenza 

pandemic fromthe GLaMOR project: amodeling study. PLoS Med. 2013;10(11):e1001558. 

16. Viboud C, Grais RF, Lafont BA, et al. Multinational impact of the 1968 Hong Kong influenza 

pandemic: evidence for a smoldering pandemic. J Infect Dis. 2005;192(2):233–248. 

17. Viboud C, Simonsen L, Fuentes R, et al. Global mortality impact of the 1957–1959 influenza 

pandemic. J Infect Dis. 2016;213(5):738–745. 

18. Hill K. Influenza in India 1918: excess mortality reassessed. Genus. 2011;67(2):9–29. 

19. Richard SA, Sugaya N, Simonsen L, et al. A comparative study of the 1918–1920 influenza 

pandemic in Japan, USA and UK: mortality impact and implications for pandemic planning. 

Epidemiol Infect. 2009;137(8):1062–1072. 

20. Deaths from influenza and pneumonia in cities. Public Health Rep. 1919:34(11):505. 

21. Morales KF, Paget J, Spreeuwenberg P. Possible explanations for why some countries were 

harder hit by the pandemic influenza virus in 2009 – a global mortality impact modelling study. 

BMC Infect Dis. 2017;17:642. 

22. Liew KK. Terribly severe though mercifully short: the episode of the 1918 influenza in British 

Malaya. Mod Asian Stud. 2007; 41(2):221–252. 

23. Cheng KF, Leung PC.What happened in China during the 1918 influenza pandemic? Int J 

Infect Dis. 2007;11(4):360–364.  

24. Körösi J. Statistique Internationale des Grand Villes,Mouvement de la Population. Budapest, 

Hungary:Maurice Rath; 1876. 



Spreeuwenberg, P., Kroneman, M., Paget, J. Reassessing the global mortality burden of the 1918 

influenza pandemic. American Journal of Epidemiology: 2018, 187(12), 2561-2567 

 
   
This is a Nivel certified Post Print, more info at nivel.nl 10 

25. Departement van Binnenlandsche Zaken. De Pokken-Epidemie in Nederland in 1870–1873. ’s 

Gravenhage, The Netherlands: van Weelden en Mingelen; 1875. 

 
 

Tables and Figures 
 

Table 1: Estimated Average Global Mortality Rates Under the 3 Scenarios Using Different Correction 

Models, 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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Table 2: 

Best Estimate for the Global Influenza Pandemic Excess Mortality and Death Toll, 1918–1919a,b 

Year  

HMD Without 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, Human Mortality Database. 

a Model corrected for war in 1918 and time trend for mortality. 

b Average of the low and medium scenarios is reported. 
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Web figure 1. 

 

 

 

Map of British Indian Empire and Ceylon in 1915 at the end of Vincent Smith's India in the British 

Period (part III, Oxford History of India), Oxford: Clarendon Press, 1920.  

en.wikipedia 

Scanned, reduced, and uploaded from personal copy by Fowler&fowler«Talk» 12:00, 17 February 

2009 (UTC) 

 

  



3 

 

    Web Appendix 1. 

The yearly mortality rates, our dependent variable, are nested within countries, hence we used a 

multilevel model, in which level-2(j)  is the country level and level-1(i) is the years within a country. 

We included the following predictor variables in every separate age analysis: 

- Intercept (coded 1 for every observation), used to model the between and within country  variance 

(random part, level 2 and 1 intercept variance), not used in the fixed part.  

- War indicator (coded 1 for observations in 1918 if country was at war  in 1918, else 0). Fixed part 

only. (countries at war in 1918, Finland, France, Italy, UK England-wales, UK Scotland). 

- Trend, continuous variable (coded  year-1918.5), fixed part and random at level 2 (to allow  for 

countries to have different time trends). 

- 1918 indicator (coded 1 for observations if year equals 1918, else 0). Fixed part only. 

- 1919 indicator (coded 1 for observations if year equals 1919, else 0). Fixed part only. 

- Measurement scenario indicator(s). Three different versions, years look only at  

1916,1917,1920,1921 depending on the chosen scenario , and is 0 in the years 1918 1919: 

  LOW-model 

 Mortality rateij=β10Year1918ij +β20Year1919ij +β30YearLowij +β40YearRestij +β01War1918j    

+β50Trendij +µ0j +µ1jTrendij + εij                                                

YearLow indicator (coded 1 for year closest to but smaller than the pandemic years). Fixed part only. 

Rest year indicator (coded 1 for years 1916 1917 1920 1921 if low indicator equals 0 else 0). Fixed 

part only. 

  HIGH-model 

 Mortality rateij=β10Year1918ij +β20Year1919ij +β30YearHighij +β40YearRestij +β01War1918j    

+β50Trendij +µ0j +µ1jTrendij + εij                                                
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YearHigh indicator (coded 1 for year furthest from but smaller than the pandemic years). Fixed part 

only. Rest year indicator (coded 1 for years 1916 1917 1920 1921 if high indicator equals 0 else 0). 

Fixed part only. 

 MEDIUM-model 

 Mortality rateij=β10Year1918ij +β20Year1919ij +β30YearMediumij  +β01War1918j  +β50Trendij +µ0j 

+µ1jTrendij + εij                                                

YearMedium indicator ( coded (1-0.25,0-0.25) for every observation in the years 1916 1917 1920 

1921). Fixed part only. 

 Estimation World excess rate: 

Population(world) excess rate 1918 = β10 – β30 

Population(world) excess rate 1919 = β20 – β30 

 

Since we don’t have the world population data for the different age groups, we first have to estimate 

total excess deaths, which we calculated as follows:   

(1918 or 1919 pandemic mortality rate)-(low or high or medium indicator mortality rate)*population, 

per age group.  

Next we summed over all the age groups to get the total excess deaths in the sample. We then divided 

this by the total sample population to get the average excess mortality rate, which is used as an 

estimate of the world excess mortality rate in 1918 or 1919. Note that this procedures assumes that in 

the fixed part the intercept is left out, so the 1918, 1919 and measurement scenario indicators give the 

average mortality rates, and the difference is the average excess mortality rate due to the pandemic. 
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Web Figure 2A-2K. 

Observed mortality rates per age group in the sample. 

        Web Figure 2A 

 

 

                         Web Figure 2B 
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                        Web  Figure 2C 

 

 

                         Web  Figure 2D 
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                       Web  Figure 2E 

 

                         Web  Figure 2F 
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                        Web Figure 2G 

 

 

                          Web  Figure 2H 
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                           Web  Figure 2I 

 

 

                             Web  Figure 2J 
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                              Web  Figure 2K 

 

  



11 

 

            Web table 1A-1B. 

Additional sensitivity analysis material for table 1.  Analysis based on the HMD data only 

(without India), with 10 age groups and 20 age groups instead of 10 (0,1-4,5-9,….,85-89,90 and 

older). In the table for the 20 age groups we also added the results using the direct calculations 

method. 

   Web Table 1A 

 

 

 

 

 

 

 

 

 

 

 

           Web Table 1B 

 

 

 

 

 

 

 

 

 

 

 

 

ESTIMATION STRATEGY YEAR
RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

1918 723.4 13.82M 653.2 12.48M 867.3 16.57M

1919 122.8 2.37M 65.8 1.27M 266 5.13M

1918 679.8 12.98M 630.7 12.05M 785.2 15.0M

1919 124.7 2.4M 78.1 1.51M 211.4 4.07M

1918 510.1 9.74M 463.2 8.85M 617.9 11.8M

1919 124.7 2.4M 78.1 1.51M 211.4 4.07M

MODEL CORRECTED FOR WAR 

1918 AND TIME TREND

10 AGE CATEGORIES WITHOUT INDIA LOW MEDIUM HIGH

MODEL BASED CALCULATION

MODEL CORRECTED FOR TIME 

TREND

ESTIMATION STRATEGY YEAR
RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

1918 718.7 13.73M 681.9 13.03M 885.8 16.92M

1919 119.8 2.31M 113.1 2.18M 269.6 5.2M

1918 728.8 13.92M 667.3 12.75M 882.5 16.86M

1919 123.1 2.37M 74.3 1.43M 276.1 5.32M
MODEL CORRECTED FOR TIME 

TREND
1918 683.5 13.05M 643.5 12.29M 792 15.13M

1919 126.7 2.44M 91.6 1.76M 221.6 4.27M

MODEL CORRECTED FOR WAR 

1918 AND TIME TREND
1918 507.7 9.70M 472.9 9.03M 616.6 11.78M

1919 126.7 2.44M 91.6 1.76M 221.6 4.27M

HIGH

DIRECT CALCULATION

MODEL BASED CALCULATION

20 AGE CATEGORIES WITHOUT INDIA LOW MEDIUM
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Web Table 2 . 

Additional table with monthly excess based on sample data for India only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXCESS 

RATE PER 

100000

EXCESS 

DEATH 

COUNT

EXCESS 

RATE PER 

100000

EXCESS 

DEATH 

COUNT

1918 69 164564 1918 30 71549

1919 82 195555 1919 50 119241

1918 62 147869 1918 60 143099

1919 56 133550 1919 29 69160

1918 114 271888 1918 735 1752962

1919 51 121626 1919 19 45312

1918 99 236113 1918 1424 3396215

1919 29 69160 1919 37 88238

1918 101 240883 1918 680 1621788

1919 73 174092 1919 91 217019

1918 81 193184 1918 79 188414

1919 62 147859 1919 196 467425

AVERAGE

JAN

FEB

MONTH YEAR

DEC

MAR

MONTH YEAR

APR

MAY

JUN

AVERAGE

JUL

AUG

SEP

OCT

NOV
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Web Figure 3A-3E . 

Excess mortality rates per age group in 1918 result for models with less control variables and all two 

1919 figures. 

                          Web Figure 3A 

       

                                Web Figure 3B                                                     
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                                  Web Figure 3C 

 

                                Web Figure 3D 
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                                 Web Figure 3E 
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Web Figure 4A-4B. 

graph showing the effect of different simulated excess death rates on the world death-rate. 

                                  Web Figure 4A 

 

                                       Web Figure 4B 

 

 

1922  

10 MILLION

20 MILLION

30 MILLION

50 MILLION

100 MILLION

1400

2100

2800

3500

4200

4900

5600

6300

1914 1917 1920 1923 1926 1929 1932

TOTAL AGE ALL

D
E

A
T

H
-R

A
T

E
 P

E
R

 1
0

0
0

0
0

year



17 

 

Web Appendix 2. 

 Additional global burden estimates for the other pandemics. 

We only present results per year based on the three scenario’s. To choose between or combining 

scenario’s is something that should be done for every pandemic separately. Which means study age 

specific results (see after these tables) for overestimation in the young and elderly (depends on the 

pandemic excess mortality theory for instance  the age distribution for that pandemic), study sample 

data (see HMD data source), study per country if other reasons for excess mortality in the relevant 

years exist that should have been corrected for. So the results below are very premature results. 

Also note the very strong effect of correcting for the non-stationarity in the time series in the Mexican 

pandemic 2009/2010 for the low and high scenario.  The estimates in the tables below are based on the 

10 age groups. But for the 2009 pandemic the results differ much from the literature (14). If 20 age 

group would be used results would be more in line with the literature (for 2009, low scenario and 

correcting for time-trend, 257222 deaths globally). So the choice of the age groups can be very 

important. Sometimes one could even consider to change the excess mortality for certain age groups to 

0 if good theory expects results to be 0 in such an age group. 

Smallpox  pandemic years is based on the sample countries (mainly European), but in other parts of 

the world it maybe 1-2 years earlier or later (23). The purpose here is to put the 1918 pandemic into 

perspective, compare it with another infectious epidemic that causes a strong increase in mortality in 

1-2 years in many countries (what would be the global burden if we can assume that the epidemic 

occurred globally). 
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Web Table 3. 

 

 

table results based on model without correction for time trend. 

 

 

 

 

 

 

 

 

 

 

 

  

PANDEMIC (NUMBER  HMD 

COUNTRIES IN SAMPLE)
YEAR

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

1957 70.1 2.03M 29 840293 90.5 2.62M

1958 13.2 387077 0 0 33.4 982659

1968 25 880890 6.6 231839 49.9 1.76M

1969 39.6 1.42M 21.8 781780 64.7 2.32M

2009 35.5 2.42M 0.78 52977 53.1 3.63M

2010 23.4 1.62M 0 0 41.6 2.85M

RUSSIAN (12) 1889 66.9 1.01M 0 0 107.9 1.63M

1890 244.4 3.71M 84.3 1.28M 285.8 4.34M

1871 317.1 4.26M 205.5 2.76M 568.6 7.64M

1872 158.5 2.14M 98 1.33M 397.8 5.38M

HIGH

ASIAN (35)

HONGKONG (36)

MEXICAN (40)

SMALL-POX (10)

NO CORRECTION LOW MEDIUM
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Web Table 4. 

 

table results corrected for time trend. 

 

 

 

 

 

 

 

  

PANDEMIC (NUMBER HMD 

COUNTRIES IN SAMPLE)
YEAR

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

RATE PER 

100000

DEATH 

COUNT

1957 51.9 1.51M 23.8 689907 70.1 2.06M

1958 5.1 149859 0.04 1317 21.7 637232

1968 20.7 731004 7 247391 45.9 1.62M

1969 35 1.26M 20.9 751697 60.5 2.17M

2009 0.8 55285 0.02 1057 11.9 811002

2010 1.1 74259 0.3 1902 15.32 1.06M

RUSSIAN (12) 1889 41.3 622821 0 0 79.9 1.21M

1890 203 3.08M 79.6 1.21M 252.4 3.84M

1871 332.7 4.47M 187.2 2.52M 531.3 7.14M

1872 204.6 2.77M 109.1 1.48M 387.7 5.24M

HIGH

ASIAN (35)

HONGKONG (36)

MEXICAN (40)

SMALL-POX (10)

TIME CORRECTED LOW MEDIUM
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Web Figure 5A-5T. 

Additional material for the other pandemics, excess mortality rates  per age group. 

                          Web Figure 5A 

 

                                 Web Figure 5B 
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                          Web Figure 5C 

 

                           Web Figure 5D 
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                            Web Figure 5E 

 

                              Web Figure 5F 
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                                 Web Figure 5G 

 

                            Web Figure 5H
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                                    Web Figure 5I 

 

                            Web Figure 5J 
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                           Web Figure 5K 

 

                              Web Figure 5L 
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                            Web Figure 5M 

 

                                Web Figure 5N 
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                              Web Figure 5O 

 

                               Web Figure 5P 
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                             Web Figure 5Q 

 

                              Web Figure 5R 

 



29 

 

                                Web Figure 5S 

 

                                 Web Figure 5T 
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       Web Figure 6. 

Relative contribution of four age groups in a series of  years in India. 
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Web Table 5. 
 

 

 

Individual country estimates for the three scenario’s using the direct calculation method, country 

results are the pooled estimates from the 10 age categories. So these estimates are NOT corrected for 

time trend and war. 

 

DIRECT 
CALCULATION 

 LOW  MEDIUM  HIGH  

COUNTRY YEAR RATE 
PER 
100000 

DEATH 
COUNT 

RATE 
PER 
100000 

DEATH 
COUNT 

RATE 
PER 
100000 

DEATH 
COUNT 

Denmark 1918 146.2 4,373 187.1 5,597 273.0 8,167 
Denmark 1919 33.0 999 80.3 2,432 214.3 6,486 

Finland 1918 1135.2 35,571 1,317.2 41,274 1,563.3 48,984 

Finland 1919 165.1 5,141 318.0 9,903 561.6 17,489 

France  1918 298.1 96,810 835.1 271,178 1,241.8 403,273 

France  1919 2.2 723 17.0 5,508 294.4 95,538 

Iceland 1918 251.3 230 315.3 288 500.5 457 

Iceland 1919 0.0 0 0.0 0 94.9 87 

Italy 1918 1055.0 387,165 1,560.8 572,752 1,968.6 722,428 

Italy 1919 108.8 39,185 222.1 80,003 463.1 166,815 

Netherlands 1918 411.1 27,207 501.2 33,173 635.3 42,043 

Netherlands 1919 44.2 2,951 113.0 7,539 241.8 16,138 

New_zealand 
non-maori 

1918 430.6 4,883 498.2 5,650 568.2 6,444 

New_zealand 
non-maori 

1919 0.0 0 25.9 299 75.8 875 

Norway 1918 349.0 8,956 417.8 10,719 570.4 14,634 

Norway 1919 38.9 1,007 93.7 2,427 235.6 6,100 

Spain 1918 877.4 186,888 1,058.8 225,517 1,240.6 264,251 

Spain 1919 39.6 8,404 125.6 26,689 260.4 55,319 

Sweden 1918 440.0 25,531 497.3 28,856 582.6 33,800 

Sweden 1919 74.7 4,346 133.8 7,779 227.6 13,236 

Switzerland 1918 487.9 18,924 591.7 22,948 701.0 27,189 

Switzerland 1919 5.7 220 71.7 2,772 179.8 6,947 

UK england-
wales  

1918 309.9 116,073 651.7 244,069 998.2 373,858 

UK england-
wales  

1919 3.4 1,254 47.3 17,582 237.6 88,382 

UK scotland 1918 184.5 8,879 246.8 11,878 343.1 16,514 

UK scotland 1919 50.0 2,411 165.5 7,977 274.5 13,233 

India 1918 2926.9 7,105,507 3,140.4 7,623,998 3,399.3 8,252,450 

India 1919 370.3 907,583 548.9 1,345,227 806.8 1,977,222 

 


