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Abstract

Using data from a study of the 1889-90 Russian flu in Sweden, this article describes how the
application of Geographic Information System (GIS) may improve analyses and presentation of
surveillance data. In 1890, immediately after the outbreak, all Swedish doctors were asked to
provide information about the start and the peak of the epidemic, and the total number of cases in
their region and to fill in a questionnaire on the number, sex and age of infected persons in the
households they visited. General answers on the epidemic were received from 398 physicians
and data on individual patients were available for more than 32,000 persons. These historic data
were reanalysed with the use of GIS, in map documents and in animated video sequences, to
depict the onset, the intensity and the spread of the disease over time. A stack diagram with the
observations grouped into one week intervals was produced to depict the spread in one figure
only. To better understand how the influenza was disseminated, Thiessen polygons were created
around 70 places reported on by the doctors. Having prepared GIS layers of the population
(divided into parishes), estimations could be made for all the Swedish parishes on the number of
infected persons for each of the 15 weeks studied.

The described models may be useful in current epidemiological investigations, as well.
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Introduction

The aim of this paper is to demonstrate how Geographic Information System (GIS) improves
prospective surveillance and our knowledge on the diffusion of influenza epidemics. As an
example we describe the application of this method to analyse historic data on the Russian
influenza epidemic of 1889.

The cause of influenza was disputed in the 19" century. One old theory dating from the days of
Hippocrates (460-377 BC), saying that diseases are disseminated from miasma (bad or polluted
air), had many advocates. Miasma was believed to come from decomposition in the ground, and
attack weak individuals and occasionally cause disease outbreaks [1]. In Airhe History of
Epidemics in Britain (1891-1894)4 the well known British epidemiologist, Charles Creighton, tried
to prove the miasmatic theory [2]. When his works were published, England and the rest of the
world had just suffered from an influenza pandemic more severe than its predecessors. It was
named Asiatic or Russian influenza, as the first reports of incidences came from a small village in
the Asian part of Russia. It was detected in May 1889, reached St Petersburg in October and
spread all over the world within a year.

On 4 February 1890, the Swedish Society for Medical Doctors assembled to discuss how the
Russian influenza, at that time peaking in Sweden, was disseminated. The Society decided to
undertake an epidemiological study to find the answer. A survey in the form of postal cards and a
guestionnaire were sent to all Swedish doctors. The results were collected by Dr Klas Linroth
(1848-1926), Sanitary Inspector in Stockholm, in cooperation with Dr Curt Wallis and Dr Fredrik
Warfvinge. Linroth analysed the results and concluded that the disease was spread along the
communication network from person to person and not by miasma [3]. Linroth& main conclusions
concerning the disease are presented in Table 1, to provide a general background for the
geographic analyses made in this study.

Table 1. Main findings of the epidemiological study conducted by K. Linroth during the Russian
influenza epidemic in Sweden in 1889-90

Duration 3 months (end November 1889 - end February
1890)

Incubation time 1-3 days

Duration of the disease 2.371 9.4 days

Proportion of the population affected (men; 60.7% (60.0%; 61.1%)

women)

Proportion of infected by age-groups (in years)

<1 36.2% (153/450)

1-10 59.8% (4,938/2,956)

11-20 65.3% (3,379/5,170)

21-40 61.5% 6,162/10,014)

41-60 62% (2,896/4,666)

>60 47.2% (837/1,770)

Excess mortality, Stockholm 0.13% (300/235,000 inhabitants, Stockholm)

Usi ng Li nthstdrkdntendd @ shaw how modern GIS technology can be used to add a
geographic dimension to epidemiological analysis in order to facilitate the evaluation of

hypotheses, conclusions and decisions. We looked into the geographical aspectsof Li nr ot hé s
carefully conducted epidemiological surveillance and explored the GIS methods in combining
epidemiological data with geographic and census data to extract new information. The use of

standard formats and techniques ensures that the results obtained can easily be shared between

the authorities and communicated to the public. To understand the nature of a pandemic it is

essential to study its progress in both space and time. Modern GIS has all the tools necessary to

make this happen.
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Methods and results

The data sets

The request from the Swedish Society of Medical Doctors to all Swedish doctors contained two
forms; the first one was a postcard, with three questions:

1. When was the first influenza case detected in your district?
2. When do you consider that the epidemic in your district reached its peak?
3. How large, according to your opinion, was the percentage infected by the influenza?

The postcards (study 1) were returned by 398 doctors. From the answers a table was compiled
and a map was drawn in 1890, indicating when the influenza first appeared at different locations.
To support the contagiousness theory an analysis of the railway network was done in relation to
the onset of the outbreak. In the first week in December 1889, 12 of the 13 affected places
outside Stockholm had railway stations. In another table Linroth demonstrated that by 20
December, 82% of reporting places with a railway station and 47% without one had been
affected. Sea ports with daily communications to and from Stockholm were also attacked early.
There is, however, an uncertainty concerning these results, as it was never quite clear to the
respondents whether it was the first locally infected patient or the first infected individual arriving
by train or by boat that should be regarded as the first case in a particular location.

The second form (study 2) was designed to assess the number, age and sex of patients infected
in the doctorsédistricts. The doctors were asked to fill in a questionnaire for each household they
visited, providing information on the number, sex and age of all persons in the household and of
those that had had influenza. They were also asked to communicate any observation that could
add to the understanding of the characteristics and the spread of the influenza. In total 126 forms
were returned with information on 32,683 individuals (0.68% of the total population in Sweden)
and 42 of the doctors added personal notes. Separately, Linroth received 115 letters with
additional information. Linroth used these answers to compile a table giving detailed information
on the development of the influenza at 69 locations.

GIS data and analysis
Inthe GISstudy,bot h Li nr ot h @mvelted intb Exsel farneat. Eor unknown reason the
first data set is in 5 days intervals, whereas the second (the more comprehensive one) is in one
week intervals (Figure 1). The tables were checked for inconsistencies and some of the place
names were changed to the spelling of today, to enable interactive geocoding (giving
geographical coordinates to address
information). In ArcGIS (GIS software
from ESRI Inc., US) the Excel tables
could be spatially joined to a Multinet
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table with data on Russian influenza epidemic in 69 Swedish localities, converted into Excel
format using ArcGIS

A background map showing land and water and the communication network was obtained. In
1890, the railway network was the main communication system of the country. By courtesy of the
Railway Museum in Gavle we received a digital copy of a map of the Swedish railroads of 1890.
As the geometrical quality of this map is not very good, we decided to use the modern,
geometrically satisfactory, railroad data from Tele Atlas instead. From the current (as of 2007)
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Tele Atlas railroad layer all railroads not existing in 1890 were manually deleted, using the
museum map as master.

Using data from study 1 (onset of first cases) as well as the railway network, maps were created
to show, in five-day intervals, how the epidemic spread in the country.
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Figure 2. Onset of Russian influenza epidemic in Swedish localities (data derived from study
1). Blue dots represent places where first infected cases had been reported to date, maps
correspond to five-day intervals, starting from the last week of November 1889 (upper left)
until 21 January 1890 (lower right). The railroad network is in black.

Similar maps were created on the basis of study 2 data. For each of the 15 weeks in the spread
sheet (Figure 1)f r om Li nr ot h §GIS layers weredreaset, shabwing the number of
infected persons at each location. These layers can be displayed in many different ways. Figure 3
shows places in Sweden where influenza was reported with the weekly incidences indicated by
the size of the red dots.




LS

12/1/2008 5(11)

Fet'e

L
t 1

Figure 3. The numbers of infected patients reported by the local doctors within one-week
intervals (study 2). The red dots indicate the number of cases; each map represents one
week, starting from the last week of 1889 (upper left) and ending with the week of 1 March
1890. The railroad network is in black.

The map seriesinFigure2 (wi th dat a f r omcakLbe oompateth itk thef i r
map series in Figure 3. The time intervals are slightly different but comparing the two map
series one can still see the same pattern along the railways.

Using the same technique as was demonstrated in a previous study [4], time layers can be
organised to create video sequences. This was done for both data sets and video clips can
be supplied upon request to the authors.

We also managed to create maps with bar charts showing in one map (Figure 4) the progress
of the disease week by week. This gives an understanding, in one single map, of how, where
and when the influenza was spread.

Other researchers [5] have chosen to visualise local peaks of influenza in maps where each
specific colour represents a specific time period (typically a month). Compared to this
technigue our method has the benefit of showing peaks that may vary in length of time.
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Figure 4. A bar chart showing the intensity of the pandemic, week by week. One colour
represents one week. Green hues are for the first weeks and red hues for the last weeks. The
heights of the respective coloured segments represent the relative intensity at each time
period and location. The largest segments represent the local peaks in intensity. To interpret
this map correctly it needs to be magnified at least 100%.




