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ABSTRACT

A century ago, the 1918-19 influenza pandemic swept across the globe, taking the lives of over 50 million
people. We use data from the Dutch civil registry to show which regions in the Netherlands were most
affected by the 1918-19 pandemic. We do so for the entire 1918 year as well as the first, second, and third
wave that hit the Netherlands in summer 1918, autumn 1918, and winter 1919. Our analyses show that
excess mortality was highest in Oost-Brabant, Zuid-Limburg, Noord-Holland, and Drenthe, Groningen, and
Overijssel, whereas excess mortality was low in Zuid-Beveland, the Utrechtse Heuvelrug, and the Achterhoek.
Furthermore, neighboring municipalities resembled one another in how severely they were affected, but only
for the second wave that hit the Netherlands in autumn 1918. This non-random spatial distribution of excess
mortality in autumn 1918 suggests that regional differences affected the spread of the disease.
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INTRODUCTION

In the summer of 1918, an influenza pandemic swept across the globe. Initially, outbreaks were relatively
mild, but by fall, mortality surged as uncomplicated influenza infections rapidly progressed into fatal
pneumonia. When the pandemic finally subsided in 1919, the 'Spanish' influenza pandemic had taken over
50 million lives worldwide (Taubenberger & Morens, 2006). A century later, it is still not fully understood how
the 1918-19 pandemic found its victims. We have a good understanding of which countries were affected
by the disease and how the outbreak spread over the globe (Ansart et al., 2009; Patterson & Pyle, 1991;
Taubenberger & Morens, 2006). However, we know surprisingly little about how the influenza outbreak
spread within countries and whom the influenza outbreaks affected. Using data from the Dutch civil registry,
we are now able to explore how the 1918-19 influenza outbreak spread throughout the Netherlands.

In this paper, we explore quarterly differences in excess mortality between municipalities in 1918 and 1919 to
determine how the Spanish flu spread through the Netherlands. Diseases do not infect individuals randomly,
but are passed on from one person to another. In this chain of transmission, resistance and avoidance generally
play a very important role (Johansson, 2000). There is evidence that higher incomes associated with lower
mortality, which is generally seen as a sign that welfare and nourishment protect against disease. However,
recent studies have shown that it was those who could afford to distance themselves from the disease that
were least affected were least likely to die from it. More specifically, the 1918 pandemic was deadlier to those
who had smaller houses, lived in the slums, were illiterate, or did not work on the land, indicating that the
best defense against the disease was to stay out of its way (Bengtsson, Dribe, & Eriksson, 2018; Grantz et
al., 2016; Mamelund, 2006). Here, we ask which regions in the Netherlands had exceptionally high or low
excess mortality during the 1918-19 influenza pandemic to better understand how the virus spread between
towns. We begin by showing how the Dutch civil registry can be used to study excess mortality (sections
2-3). After describing regional patterns in excess mortality (Section 4), we close with a discussion of the
observed patterns and the potential of the civil registry data for further research.

DATA

We use digitized death certificates from the Dutch civil registry to study excess mortality in 1918-19." The
Dutch civil registry was introduced in 1811 and well-established by 1918, so that the registration of deaths
was common practice. Moreover, death certificates were made in duplicate, controlled by local judiciaries,
and stored at separate locations, which ensured safekeeping for future generations (Mourits, van Dijk, &
Mandemakers, 2020). Besides the date of death, the digitized death records list the name, age, place of
residence, and (sometimes) occupation of the deceased as well as information on the next of kin. The
availability of the death date and place of residence makes it possible to study local deviations from the
nationwide trend. For each municipality, baseline mortality was established using the average mortality
between 1910 and 1917, excluding 1914 as the Netherlands took in 1 million Belgian refugees that year.?
The excess mortality rate is then calculated by subtracting the baseline mortality from the 1918 mortality rate
and subsequently dividing it by the baseline mortality (see below). Local excess mortality rates are estimated
for the entire year 1918 as well as also for the months when the waves of the influenza pandemic swept over
the world: July—September 1918, October-December 1918, and January—March 1919. To our knowledge,
this is the first time that quarterly excess mortality rates of the 1918-19 pandemic can be studied in such
detail on a national scale.

Mortality 1918 — Baseline mortality

Excess mortality rate = - -
Baseline mortality

1 We use the death certificates hosted by openarchives (https://www.openarch.nl/overview/?slice1=sources).
The source data is the same as used by the LINKS project and WieWasWie.
2 The Netherlands remained neutral in the First World War. However, in 1914 the southern provinces Limburg,

Noord-Brabant, and Zeeland took in 1 million Belgian refugees, most of whom fled the siege of Antwerpen.
Over 90% of these refugees returned to Belgium within a year's time, where they were forced to stay as the
German's closed the border with a lethal electric fence, which came to be known as the 'wire of death'.
The 100,000 remaining refugees were spread over the Netherlands and stayed until the end of the war. As the
Dutch population was just over 6 million people, local mortality numbers are likely unreliable for many
municipalities in 1914. Therefore, we opted to exclude 1914 from the benchmark.
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Regional differences in excess mortality due to the 1918-19 influenza pandemic are studied using historical
maps of the Netherlands (Boonstra, 2007). Excess mortality is plotted on shapefiles developed with cut-offs
determined by quintiles, so that regions with extremely low or high excess mortality during the 1918-19
influenza pandemic become more easily discernable. In order to determine whether we are looking at an
actual spatial pattern, and not random noise, the degree to which the excess mortality rates in neighboring
municipalities resemble one another is estimated with the Moran's | coefficient for spatial autocorrelation. To
calculate the Moran's |, three different neighborhood matrices were constructed: 1) with all direct neighbors,
2) with all neighbors within a 10 km radius, and 3) with the three closest municipalities.®

DATA QUALITY

Data from the Dutch civil registry is being indexed by Dutch archives. Death certificates have been indexed
for most Dutch municipalities and the data cleaning — for example, deduplication and standardization —
is mostly finished. To verify the quality of our data, we compare aggregated annual mortality information
from the death registry with aggregated mortality information from the Historische Dataset Nederlandse
Gemeentes [Historical Dataset Dutch Municipalities], or HDNG in short (Boonstra, Beekink, Engelen, &
Knippenberg, 2003; Boonstra, 2020). The HDNG mortality data is based on the Gemeentelijke Demografische
Documentatie, which was published by Statistics Netherlands (CBS). Exact indications of the data quality in
the HDNG are unavailable, but are thought to be at least a good approximation of the number of deceased
per municipality.

Panel A of Figure 1 shows how annual excess mortality was distributed according to the HDNG for all of
1918. In a normal year, these findings are random, as — on average — no excess mortality took place.
However, in nearly all municipalities mortality rates were higher for 1918 than in other years. Municipalities
in dark red are municipalities that were hit the hardest by the pandemic and had excess mortality rates above
the national average, whereas dark green municipalities had excess mortality rates that were significantly
below average. When we only include the municipalities for whom death information is available from
the death certificates data, the map remains practically the same, as shown in panel B. This indicates that
we do not introduce bias in this subset of municipalities. These findings from the HDNG are very similar to
the findings from the civil registry shown in panel C, which shows that the civil registry data is suitable for
studying the 191819 influenza outbreak in the Netherlands in more detail.

REGIONAL DIFFERENCES

Panel A—C in Figure 1 all show the excess mortality rates for 1918. In the Netherlands, there was especially
high excess mortality in in Oost-Brabant, Zuid-Limburg, Noord-Holland, and Drenthe, Groningen, and
Overijssel. On the other hand, excess mortality was low in Zuid-Beveland, the Utrechtse Heuvelrug, and the
Achterhoek. The existence of regions with high excess mortality and regions with low excess mortality is not
coincidental, as the Moran's | indicates that neighboring municipalities resembled one another. The Moran's
| was 0.09-0.10 with p < 0.001 for the map in panel B based on the HDNG and 0.08-0.09 with p < 0.001
for the map in panel C based on the civil registry data. These results clearly show that excess mortality was
not randomly spread over the Netherlands, but clustered spatially.

Panels D-F use data from the death certificates to show whether the spatial pattern of 1918 excess mortality
emerged during the first, second, and third wave of the 1918-19 influenza pandemic. These waves hit the
Netherlands in the summer of 1918 (Q3), autumn of 1918 (Q4), and winter of 1919 (Q1), respectively. The
maps in panel D and F clearly show that there was no spatial clustering of mortality in the summer of 1918
and winter of 1919. In fact, the Moran's | for the summer of 1918 of 0.00-0.02 with a p-value between
0.150 and 0.388 and the Moran's | for the winter of 1919 of 0.03-0.04 with a p-value between 0.014 and
0.170 indicate that the spatial distribution of excess mortality was completely random.

3 For islands in model 1, the three closest municipalities were selected.
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Spatial clustering of excess mortality did occur during the autumn of 1918. The Moran's | was 0.21-0.22
with a p-value < 0.001. The spatial pattern that we see in the autumn of 1918 strongly resembles the excess
mortality rate for the entire year, although we now also see that the high-mortality cluster in Noord-Holland
is less pronounced, whereas the high-mortality in Overijssel is more pronounced. This indicates that the
spatial clustering of excess mortality in 1918 was solely dependent on an even more pronounced spatial
pattern of excess mortality during the infamous second wave of the 1918-19 influenza pandemic.*

Figure 1 Excess mortality in the Netherlands, 1918
A Excess mortality 1918 HDNG B Excess mortality 1918 HDNG c Excess mortality 1918 civil registry
percentage per municipality, percentage per municipality, percentage per municipality
no data selections without missing data in civil registry
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80 - 100%
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- -
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5 DISCUSSION

In this article, we reconstructed the spatial and temporal mortality patterns of the 1918-19 influenza
outbreak in the Netherlands, using death certificates from the civil registry. Recorded on an individual rather
than a regional or national level — as most mortality data — this dataset can significantly enrich historical

4 For more visualizations of the epidemic, as well as deaths per municipality, age group, or occupation, see
the online datastory at https://stories.datalegend.net/spanishFluNetherlands.
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research, for instance by examining which social groups were affected by the 1918-19 epidemic to a greater
degree. Before moving on to such studies, however, we first tried to establish if these data are of sufficient
quality to do so. The comparison with the Historische Dataset Nederlandse Gemeentes [Historical Dataset
Dutch Municipalities] confirms this. On a municipal level the results between the civil registry dataset and
the HDNG are nearly identical. The spatial distribution of excess mortality in 1918 is the same across both
datasets with clusters of high excess mortality in Oost-Brabant, Zuid-Limburg, Noord-Holland, and Drenthe,
Groningen, and Overijssel and low excess mortality in Zuid-Beveland, the Utrechtse Heuvelrug, and the
Achterhoek.

The data from the civil registry shows that the spatial clustering of excess mortality only occurred in autumn
1918. Apparently, the mortality peaks caused by the first and third wave in the summer of 1918 and winter
of 1919 were too small to cause spatial clusters of excess mortality. The non-random spatial distribution of
excess mortality in autumn 1918 suggests that other factors may have affected the spread of the disease.
Based on research on local differences in Spanish flu mortality one would assume that increased social contact
and environmental conditions make diseases more likely to spread in one context than the other. Because
differences in economic activity and disease environments were very large in the early 20th century, this
would mean that specific regions were hit harder than others. Centers of trade and industry were perhaps
more likely to be exposed to the disease, as people travelling out and about might have been ideal vectors of
the disease. Densely populated and humid environments might have been more suspect to rapid outbreaks,
as these places were already known to be excellent breeding grounds for pathogens. However, our analyses
show that the 1918-19 influenza outbreak was most severe in the northeastern part of the Netherlands that
was rural, sparsely populated, and relatively dry due to the sandy soils.

Although local studies have shown that income hardly determined which inhabitants of a town were
affected, poverty might have determined which regions were hit hardest. This would mean that increased
vulnerability to the disease, rather than increased exposure, determined where excess mortality during the
1918-19 influenza outbreak was highest. Poverty might have led to undernourishment, making whole
populations more vulnerable and less likely to recover from a wide range of infectious diseases (Rotberg
& Rabb, 1985). However, one needs to wonder whether extra nourishment could protect against severe
inflammation and build-up of fluids in the lungs, as most deaths during the 1918-19 influenza outbreak
were caused by proinflammatory responses and secondary infections to damaged lung tissue (Taubenberger
& Morens, 2006). A likely scenario is that high local levels of tuberculosis had already damaged the lung
tissue of the local populace, so that the local populace was more vulnerable to secondary lung infections.
Tuberculosis-related mortality was high in the northeast of the country, which was to a large extent caused
by undernutrition (Janssens & van Dongen, 2018). Such a scenario would be in line with findings from the
United States, where severe air pollution from the coal industry coincided with higher excess mortality rates
during the 1918-19 influenza outbreaks (Clay, Lewis, & Severnini, 2018). In other words, poverty-related
decreased resistance to infectious diseases as well as environmental factors that lead to damaged lung tissue,
such as disease environments and pollution, should be considered as explanations for regional differences in
excess mortality during the 1918-19 influenza pandemic.

Where the 1918-19 influenza pandemic struck and whom got affected probably depended on two different
mechanisms. Nevertheless, earlier studies have shown that social isolation, even when unintended, was
the only remedy against the Spanish flu on the individual level. Therefore, farmers were less likely to die
during the 1918-19 influenza pandemic than the rest of the population, whereas those who lived in the
slums were more likely to become infected (Bengtsson et al., 2018; Grantz et al., 2016; Mamelund, 2006).
Similarly, those aged between 15 and 50 might have had a higher risk of exposure. There is wide-spread
agreement that individuals between ages 15-50 were more likely to have complications and develop
pneumonia (Taubenberger & Morens, 2006), but these were also the people that travelled around and
came into contact with most people. These people might have been the heralds of death, dying of the
disease that they introduced to their own community. To properly understand how the 1918-19 influenza
outbreak found its victims, both regional and individual characteristics need to be studied at the same time.
Therefore, comparing the age and social composition of communities between regions that were least and
most affected by the 1918-19 influenza outbreak can give us unprecedented insight into how the disease
spread over the world.

The death certificates from the Dutch civil registry allows to do exactly this. Taking into account the age
and occupational distribution might well explain why excess mortality in 1918 clustered in specific regions.
A first glance at excess mortality by occupational groups, using the HISCO scheme (van Leeuwen & Maas,
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2002), suggests that the working environment mattered.> For example, travelling salespersons, office clerks,
elementary teachers, and factory workers were hit relatively hard. Potentially personal contacts mattered,
with salespersons travelling around and meeting people from different disease environments, and clerks,
teachers and factory workers operating in closed, poorly ventilated buildings, and in the presence of many
others. Vice versa, workers with potentially fewer co-workers, such as carpenters, and those working outside,
such as crop workers and bricklayers, were affected by the flu to a much smaller degree. Yet even within
these groups there were regional differences, suggesting more factors need to be considered. Combining
micro-level observations of vital events of millions of individuals from the historical Dutch civil registry with
other datasets such as the HDNG, provides an unprecedented opportunity to examine questions like these.
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