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Abstract

For the last three years, we have been developing a database from the burial registers of Finnish parishes during 1750-1850. Today the database contains a total of over 1.2 million records from 234 parishes, including, among other things, the name, place, age, cause of death of each individual. This exceptionally early and detailed information on death causes began to be compiled in 1749 throughout the Swedish Kingdom, of which Finland was part at the time. 

We have analyzed the main mortality crises and the behavior and demographic impact of some of the more important and distinct infectious diseases such as acute gastroenteritis, malaria and smallpox. Geographic Information Systems are being applied to the understanding of the spread patterns of these and other diseases.

The present paper describes the database as well as some of the results obtained so far.   
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Introduction

Finland, as Sweden, has a long tradition of church record keeping, which included, quite early compared to other European countries, an annotation of the cause of death in the burial records.

The potentialities of this material inspired a research devoted, in its first stages, to the exploration of the possibilities that such a material provides, using databases and geographical information tools. 

Our first results provide information about the nature of the main mortality crises that happened in the actual Finnish territory during the period 1750-1850. Lately, a deeper analysis was done on some particularly common or well-known infectious diseases of the time: smallpox, malaria and acute gastroenteritis. The analysis focused on the distribution of these diseases through time and space.
The analysis of the main mortality crises in Finland is not new. Several researchers have performed studies on the subject at the local level: Eino Juttikala, Oiva Turpeinen, and Jari K. Pitkänen among them. But so far, no studies using data from a large number of parishes have been done.

During the 18th and 19 centuries, Finland, as many other countries in Europe, was living the era prior to the Demographic Transition. This period was characterized by both high mortality and high natality rates.

Natality remained relatively stable between 1750 and 1850, oscillating around 35 and 40 per thousand, while mortality, more instable, varied between 20 and 30 per thousand.

Infant mortality was very high, about 30-40 per cent in normal times, reaching over 50 per cent during demographic crises
.

Both the Industrial Revolution and Demographic Transition did not reach Finland until towards end of the 19th century
.
The population of the country was quite small and sparse. About 400 000 inhabitants were recorded in 1749's census, and that number four-folded by 1850.

The distribution of the population was unequal, with greater densities in the south and southwestern areas of the country, especially in the coast. Even in those areas the density was relatively low. The degree of urbanization remained very small, and by 1850 only 7 per cent of the population was living in cities
.

The majority of the population was rural, living sparsely spread in isolated farms or small villages, and earning their livelihood mainly through agriculture, animal husbandry, fishing, etc. Industry and commerce were poorly developed except in the Ostrobothnian area, where burning and selling tar was an important income source.

From the historical perspective, the 18th and 19th centuries were quite intense for Finland. For centuries the country had been part of Sweden and, therefore, subordinate to Swedish Law as any other province in the kingdom. Located in the border with the Russian empire, it was often scenario of conflicts and wars.

At the beginning of the period under study, Finland was coming out from the ravages of the Great Wrath and the Lesser Wrath (Russian occupations of Finland). In 1788 began the War of King Gustavus III, fought primarily in the eastern part of the country until 1790.

The Finnish War took place during 1808-1809, again between Sweden and Russia with Finland as battlefield. As a consequence of this war, Finland was separated from Sweden and became an autonomous Grand Duchy of the Russian Empire. All these wars were disastrous to the civilian population. 
During the time prior to the Demographic Transition, infectious diseases were the most important causes of death and the main factor checking of population growth.

Medicine was in a fairly primitive stage prior to the bacteriological era, which arrived at the end of the 19th century.

Material and methods

There is a long tradition of church record keeping in Sweden, which was formalized by the Ecclesiastical law of 1686. At a very early stage, the Swedish realm made a laic use of the information contained in these records
. Burial records were regarded as a useful tool for better understanding the evolution of the population and the impact of the crises on it. As early as 1749 the Swedish Diet decided that the priests from every parish should compile yearly a form containing, among other things, the number of deaths is attributed to different causes, classified in pre-established categories. This was probably the reason that led to entering of the cause of death in every burial record. 
The forms that the State provided to the priests, varied through the study period in both number and accuracy of the death causes. The form, in its first edition, was in use during 1749-1773 and contained 31 different causes of death, including violent ones such as accidents, murders, executions, suicides, and well as infectious and noninfectious diseases, called and grouped according to the medical standards of the time. Revised editions of the form were introduced in 1774, 1802 and 1812 (the latter already under Russian rule).

From the medical point of view, the diagnoses of the period relied more on symptoms than in actual anatomical changes and pathologies. Some death causes contained in the form are mainly descriptive and difficult to relate to nowadays diseases. In other cases they refer to diseases which had very distinct symptoms, being easy to identify in the past and also relatively easy to relate to present diseases. This is the case of smallpox, dysentery and malaria among others.

Besides the information concerning the cause of death, the following data were used in this study:
- Name of the person.

- Parish of residence.

- Cause of death.

- Age at death.

The burial records of 234 parishes were analyzed. The data were not collected directly from the original books, but extracted from the databases of the Finnish Genealogical Society.

This society started in the 80's a process of computerization of the Finnish parish records, mainly for genealogical purposes. This material constitutes an exceptional source for studying the populations in the past. 
Not every parish has data for all the period under study. Some parishes were founded along these years, some church records were not preserved, and some have not been computerized yet.

When the process of gathering data for this study started in 2002, all the existent parish burial records available in the database of the Finnish Genealogical Society were extracted. 
In the original databases, the parishes were grouped in regions according to the territorial division of the Finnish Regional Councils. This division was kept in the present study. The parishes analyzed, grouped by regions, are summarized in Table 1.

Table 1: Parishes whose burial records are used in the study. The number of records is specified by region.

	Region
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	Parishes
	Num. of records

	01Uusimaa
	Helsinki, Karjalohja, Karkkila, Kellokoski, Kirkkonummi, Nummi, Nurmijärvi, Pohja, Pornainen, Pusula, Snappertuna, Tuusula, Vihti
	83 160

	02Varsinais-Suomi
	Alastaro, Angelniemi, Kaarina, Karjala, Karuna, Kirjakkala, Korppoo, KoskiTi, Lieto, Loimaa, Masku, Nousiainen, Pyhämaa, Pyhäranta, Rymättylä, Särkisalo, Parish of the Castle of Turku, Turku (Swedish parish), Turku (Finnish parish), Vahto, Västanfjärd, Velkua.
	92 624

	03Itä-Uusimaa
	Askola, Lapinjärvi, Liljendal, Loviisa, Myrskylä, Pernaja, Porvoo, Ruotsinpyhtää
	71 579

	04Satakunta
	Ahlainen, Harjavalta, Honkajoki, Kullaa, Lappi, Lavia, Merikarvia, Nakkila, Noormarkku, Pori, Pomarkku, Rauma, Ulvila
	36 751

	05Kanta-Häme
	Hämeenlinna, Hattula, Hauho, Hausjärvi, Jokioinen, Kalvola, Loppi, Tammela, Tuulos
	52 689

	06Pirkanmaa
	Hämeenkyrö, Ikaalinen, Karkku, Kiikka, Kuru, Lempäälä, Ruovesi, Sääksmäki, Suodenniemi, Suoniemi, Tottijärvi, Tyrvää, Viljakkala
	60 965

	07Päijät-Häme
	Asikkala, Hartola, Hollola, Kärkölä, Orimattila, Sysmä
	69 747

	08Kymeenlakso
	Anjala, Elimäki, Hamina ja Vehkalahti, Iitti, Kymi, Pyhtää, Sippola, Valkeala, Vehkalahti, Virolahti
	104973

	09Etelä-Karjala
	Joutseno, Lappee, Luumäki, Parikkala, Rautajärvi, Ruokolahti, Suomenniemi, Taipalsaari, Uukuniemi
	89 646

	10Etelä-Savo
	Puumala, Sulkava
	18 837

	11Pohjois-Savo
	Iisalmi (rural parish), Kaavi, Kiuruvesi, Kuopio (rural parish), Nilsiä, Suonenjoki
	56 032

	12Pohjois-Karjala
	Eno, Ilomantsi, Juuka, Kesälahti, Rääkkylä, Tohmajärvi
	47 523

	13Keski-Suomi
	Hankasalmi, Jämsä, Jyväskylä (urban parish), Jyväskylä (rural parish), Keuruu, Kivijärvi, Korpilahti, Kuhmoinen, Laukaa, Multia, Petäjävesi, Pihtipudas, Saarijärvi, Sumiainen, Uurainen, Viitasaari
	58 068

	14Etelä-Pohjanmaa
	Ähtäri, Alajärvi, Alavus, Ilmajoki, Isojoki, Jalasjärvi, Karijoki, Kauhava, Kortesjärvi, Kuortane, Kurikka, Lappajärvi, Lapua, Lehtimäki, Nurmo, Peräseinäjoki, Seinäjoki, Soini, Töysä, Vimpeli, Ylihärmä, Ylistaro
	75 699

	15Pohjanmaa
	Isokyrö, Kaskinen, Korsnäs, Kristiinankaupunki (urban parish), Kristiinankaupunki (rural parish), Lapväärtti, Luoto, Maksamaa, Munsala, Pedersöre, Pietarsaari, Purmo, Sulva, Uusikaarlepyy, Vähäkyrö, Vöyri
	104 160

	16Keski-Pohjanmaa
	Halsua, Kälviä, Kannus, Kaustinen, Kokkola, Kokkola (rural parish), Lestijärvi, Lohtaja, Perho, Toholampi, Ullava, Veteli
	56 781

	17Pohjois-Pohjanmaa
	Alavieska, Haapavesi, Hailuoto, Haukipudas, Kalajoki, Kärsämäki, Kempele, Kuusamo, Merijärvi, Nivala, Reisjärvi, Sievi, Temmes, Utajärvi, Vihanti, Ylikiiminki, Ylivieska
	62 758

	18Kainuu
	Hyrynsalmi, Kajaani, Kuhmo, Paltamo, Puolanka, Ristijärvi, Sotkamo, Suomussalmi
	33 570

	19Lappi
	Alatornio, Inari, Karunki, Kemijärvi, Muonio, Rovaniemi, Salla, Simo, Tornio, Turtola, Utsjoki
	29 078

	20Ahvenanmaa
	Brändö, Eckerö, Finström, Föglö, Geta, Hammarland, Jomala, Kökar, Kumlinge, Lemland, Lumparland, Saltvik, Sottunga, Sund, Vårdö
	33 783

	Total
	
	1 238 409


The data related to each parish was initially stored in an individual Microsoft excel file. On these excel files, a common structure was established for all the parishes, and the periods and places with valuable data were individuated, as well as the main weaknesses of the material. 
One problem that commonly arises while dealing with this kind of material is to estimate to which point the data are representative of the population under study. The possible omission of deaths could have been due mainly to two reasons: the existence of people who did not belong to any parish and would not have been registered, and the under-registration of children that died before being baptised. 
During the 18th and 19th centuries almost everybody in Finland belonged to a parish, and Lutheranism was the official religion of the State, so general omissions were rare. Children dying before baptism were not technically part of the church, so sometimes their deaths were not registered. Unfortunately this is a common problem while working with this kind of sources, and its magnitude generally varies with the time elapsed between birth and baptism and from place to place, being difficult to estimate on a wide scale. For the case of the registers used here, is not uncommon to find the registration of stillborn children, those that died without baptism and those baptized urgently, which suggests that these kinds of deaths were taken into account in the burial records. For the Finnish registers, this seems to have been a bigger problem prior to 1749, before the State started regulating the registration
, and not that important during the period under study.

There were other problems derived from the computerization of the records, which can be mainly summarized as general inaccuracies in transcription. Some fields, especially those devoted to the age or cause of death, were sometimes unclear. This was not very frequent and most of these problems were easily solved by checking the dubious records against microfilms of the originals.

The next step was the construction of a unified database.

The database management system chosen for that purpose was MySQL, a well-known, efficient and open-source tool. 
The fields included in the database are described in Table 2.
Table 2: Fields contained in the database used for the study.
	Field category
	Field

	Deathdate
	Deathday

	
	Deathmonth

	
	Deathyear

	Burialdate
	Burialday

	
	Burialmonth

	
	Burialyear

	Place
	Village

	
	Farm

	
	Parish

	
	Region

	
	RegionNum: numeric code for each region.

	Information about the individual 
	Person: name, patronymic and/or surname of the individual, and all the information registered together with it: reference to the profession, marital status, etc.

	
	Sex: only available for the region 20Ahvenanmaa.

	
	Year: number of years lived till death.

	
	Month: number of months, not included in the years, lived till death.

	
	Week: number of weeks, not included in the previous fields, lived till death.

	
	Day: number of days, not included in the previous fields, lived till death.

	
	AgeDays: calculated field containing the total amount of days lived by the individual.

	
	AgeGroup: age group to which the individual belonged. 5 years categories. For children under 5, two categories were made: from 0 to 1 year and from 1 to 4.

	
	AgeGroupU1: categories for children under 1 year of age: early-neonatal deaths, neonatal deaths, post neonatal deaths.

	Death cause
	CauseOriginal: the cause of death as it appears in the records.

	
	Smallpox: numeric field for causes related to smallpox.

	
	Gastroenteric: numeric field for causes related to gastroenteritis.

	
	Malaria: numeric field for causes related to malaria.

	Technical information
	Num: unique numeric code given to each record.

	
	MC: Changes Field, where every change made in the original record is registered.


Most of these fields correspond basically to the ones present in the original records, or are calculated from them. Three specific fields constitute an exception: "Smallpox", "Gastroenteric" and "Malaria". 
After a survey on the original causes of death and on the specialized bibliography, it was noticed that there was a great variability on the terms used to refer to these specific diseases. The terms used by the priest were not only constrained to the categories enclosed in the forms provided by the State. This variability included denominations which seemed to have various degrees of relation to the death causes chosen for the study. Those are the reasons that led to the introduction in the database of an specific field for each of the studied death causes. This allowed us to establish different degrees of reliability of the original death cause, making the queries sensibly easier and faster, and made it possible to work also with those deaths related to more than one cause at the same time. 
Once the database was constructed the records related to the death causes under study had to be individualized. The selection of the terms present in the original causes of deaths, corresponding to the diseases chosen for the study, was made following the studies of three experts: Heikki Vuorinen
, Arno Forsius
 and Gunnar Lagerkranz
. The main causes attributed to each disease are summarized in Table 3.

Table 3: Causes of death present in the burial records that are considered to be related to the diseases under study. 

	Cause of death
	Names considered in the study

	Acute Gastroenteritis
	Rödsot, Lifsjuka, Magref, Bukref, Magsjuka, Diarrhé, Magsplåga, Uppkastning, Durchlopp, Magtorsk, Utsot, Blodsot, Magknip, Lifsplåga, Dysenteria.

	Smallpox
	Koppor, Mässling (only during the period 1749-1773), Smittkoppor, Pocken, Inoculation related smallpox cases, Rupuli, vaccination related smallpox cases, Isorokko. 

	Malaria
	Frossa, Älta (from 1802 onwards), Växelfeber, Omväxlande feber, Skälva Skälvesot, Kallfeber, Quotidiana, Vardagsfrossa, Varjedagsfrossa, Tertiana, Vanannandagsfrossa, Quartana, Fjärdedagsfrossa, Tredjedagsfrossa, Vilutauti, Wilustus, Wiluspolte, Wiluskuume, Wilustaja.


The methods used in the study were very simple, merely descriptive. The use of more sophisticated statistical tools as time series analysis or modeling techniques is the path to follow in future studies.

For the elaboration of the general results about each cause of death or particular period, simple queries were made to the database. 
For plotting different maps using GIS, more complicated queries, including pivot tables were needed. One of the aims of the study was to analyze the expansion or evolution of the geographical distribution of a cause of death through time. Two different spatial and temporal scales were used. Regions and parishes were the spatial units, while years and months were the temporal ones. 
The division of the territory into regions was made following the Finnish Regional Councils. To choose a division in parishes was more difficult, because some have changed their borders since the 19th century. For working with the GIS, more exactly on ArcView, the file Kunnat96 was finally selected as a base for the territorial division of Finland in parishes. This is the map used nowadays for presenting official statistics from Finland, and corresponds to the territorial division of 1996. It is not the most accurate solution, but it is practical. Working with changing files along time would have been too complicated. 
The way of relating the results derived from the database with the Kunnat96 in ArcView was implemented by taking into account the main differences among the past and present territorial division.
In Kunnat96, every parish is defined by a polygon and a centroid. The polygon was used to symbolize whether there were data or not from that parish in a specific unit of time (year or month), while a point of variable size on the centroid illustrated the number or proportion of deaths due to a certain cause of death during the specific elapse of time.
For each of the three causes of death analyzed, smallpox, malaria and acute gastroenteritis, year maps of the annual number of deaths by parish were made. It was soon noticed that this time scale, though suitable for gastroenteritis and malaria, was not the best for dealing with smallpox. The relatively rapid transmission of the disease made its movements across the country too fast to be analyzed using a yearly scale. Consequently, maps for every month were made. Those included some special features compared to the annual ones. The concept of quarantine was introduced in order to have a clearer picture of the movements of the disease. In the monthly maps there is a representation of the actual number of deaths by smallpox taking place in the specific month represented in the map, and beneath that, there is a representation of the cumulative deaths, i.e., the progressive sum of the number of deaths due to smallpox. Here the concept of quarantine becomes important. Due to the specific characteristics of smallpox, it can be assumed that roughly after two months without any smallpox deaths in a given parish, the disease was no longer present there. That is why, in those cases the cumulative number of deaths becomes hidden, reappearing only when new deaths take place.
The monthly scale was also used to take a more detailed look on the mortality by gastroenteritis during some specific periods of population crises, as wars or famines.
Results and discussion

The results of the general study are too extensive to expound in detail in here. We will try to give a general idea about the main traits of mortality and the role played by the analyzed death causes, emphasizing the geographical aspect. 
A total of 1 238 409 records were used in this study. Figure 1 shows their annual distribution together with the values of general mortality
. Both lines have the same profile, so the sample of deaths analyzed in this study can be assumed to describe relatively faithfully the main traits of general mortality. 
General mortality kept under 30 per thousand for most of the years except for the first quarter of the period and some mortality peaks.

During the first 25 years of the period general mortality was quite high. A large proportion of those deaths were due to smallpox. In addition to this special period, three mortality crises can be observed: one around the Gustavus III war years (1789-1791), another around the Finnish War (1808-1809), and one around the crop failures and famines of 1833. During these three special periods, acute gastroenteritis played a very important role increasing the mortality of children and adults.
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Figure 1: Annual number of deaths analyzed in the study and annual mortality (values per thousand) for the whole country. 

Of the three death causes analyzed, smallpox and acute gastroenteritis were very important, while malaria played a minor role in mortality. The values and proportions of the deaths due to each of the three causes are summarized in Table 4.

Table 4: Number of deaths due to each of the three causes analyzed and percentages that they represent from the total. 

	Cause of death
	Number
	Percentage

	Gastroenteritis
	93 812
	7.58%

	Smallpox
	73 307
	5.92%

	Malaria
	7 106
	0.57%

	Total
	174 225
	14.07%


The three causes were responsible for about one sixth of all the deaths of the period.

Figure 2 and 3 show the annual number of deaths due to each of the analyzed causes. Figure 2 shows the stacked values while in Figure 3 a different line depicts each disease. 

The stacked graph gives an idea of the weight of the analyzed diseases in general mortality. Gastroenteritis and smallpox were very important while malaria was not, at a general level. This is not surprising considering that the malaria parasite present in Finland was mainly  Plasmodium vivax
, a species with a low case-fatality rate associated. Nevertheless, the existence of malaria deaths all along the period indicates that it was an important determinant of the health of the population. 
The three diseases are present during the whole period. The profile of the stacked values of the tree diseases analyzed is, generally speaking, coincident with the profile of general mortality, which emphasizes the importance of infectious diseases as modulators of mortality.
In Figure 3 the annual deaths attributed to each disease are represented. It can be observed that smallpox presents a dynamic behavior marked by recurrent peaks and troughs, which does not seem to respond to external factors, but to the combination of the epidemiological characteristic of the disease and the time needed for the generation of an adequate pool of susceptible individuals in the population. Gastroenteritis, on the other hand, seems to be strongly influenced by external factors like wars or famines. The most important peaks of this disease happened in coincidence with the Finnish War (1808-1809) and the years of crop failure and famine of 1833.
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Figure 2: Annual stacked values of deaths due to each of the causes analyzed. The area in white color represents all the deaths due to different causes than the analyzed. Its profile shows the total number of annual deaths.

Malaria does not seem to obey to external factors such as the seen for gastroenteritis, but it does not present a repetitive and identifiable pattern as smallpox either. Both malaria's parasite and vector have special environmental requirements so, it is highly probable that temperature or humidity changes are the main reasons underlying these variations on the number of malaria deaths.
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Figure 3: Annual deaths series for each of the three causes under study. Malaria' scale is ten times bigger than the gastroenteritis' and smallpox' one.

The infectious diseases analyzed in this study were important causes of infant mortality: 95% of smallpox deaths were individuals under 15 years, 75% is the corresponding value for gastroenteritis, while for malaria it is only 37%.

Smallpox values indicate that the disease was endemic in the country; otherwise the proportion of adult deaths would have been significantly larger.

The same can be argued for gastroenteritis, even if they induce a very different immune response in the population. 

There are significant differences among the age structure of gastroenteritis deaths in peace or war times. In peace times the disease killed mainly children while in war or famine times adults were significantly affected as well.

Of the analyzed diseases, malaria has the highest proportion of adult deaths. It was endemic especially in the south of the country. It affected and caused the death of adults in a significant proportion. This phenomenon is related to the disease itself and to the degree of stable endemicity of the disease in some regions.

The seasonality patterns of the deaths due to the three causes under study do not differ especially from what expected according to the bibliography. Gastroenteritis was more common in the summertime, with a peak in August. Smallpox was mainly a winter-spring disease, with a peak in May. Malaria had, as smallpox, a vernal seasonality. This is the typical pattern observed for the strain hibernans of Plasmodium vivax
, which was, probably, the most important in the area.

The spatial distribution of the importance of the diseases analyzed is plotted in the maps of Figure 4. The spatial scale used is regional. [image: image5.png]Period
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Figure 4: Maps of Finland showing the regional importance of the three causes of death under study, for the period 1749-1850.

The first map in the figure shows the regional importance of smallpox. The disease seemed to be endemic in all the regions of the country, not existing areas more affected than others, but perhaps the eastern regions.

It the second map it can be seen how gastroenteric diseases were important all over the country. Rare is the region where it was responsible for less than 4% of all the deaths. It was especially important in Ostrobothnia and the southeast of the country, as mentioned in the bibliography
. Malaria was endemic in the southwestern regions of the country, not only in the Åland Islands (reg. 20) as can be seen from the map, but also in Uusimaa (reg. 1), Varsinais-Suomi (reg. 2) and Itä-Uusimaa (reg. 3). It was not completely absent from the rest of the country. During the hundred years analyzed there were some malaria deaths in every region of Finland.

The way in which the diseases were moving across the country it's strongly related to their ways of transmission and to the variations of the main boosters of their expansion.
For the case of gastroenteritis, there was a background of endemicity that contrasted with the changing geographical distribution of the deaths in epidemic times.
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Figure 5: Maps of Finland illustrating the geographical distribution of Gastroenteritis deaths during Gustavus III's War, the Finnish War and the hunger of 1833 and 1834.
In Figure 4 one map shows the distribution of gastroenteritis as a cause of death during the whole study period. It serves as well for describing the normal situation happening under no war or famine. In Figure 5 three maps illustrate the geographical distribution of the importance of gastroenteritis as a cause of death along two wars and one hunger.
During the War of the king Gustavus III, the troops were gathered especially in the southeastern regions, area that served as battlefield too. It was there were the percentage of gastroenteritis deaths was bigger. 
During the Finnish War the troops moved back and forth across the country, but the main battles starting in the spring-summer of 1808, took place in Ostrobothnia, expanding afterwards to other regions of the country. In the second map of the Figure 5, the importance of gastroenteritis designs basically the movements of the troops
. In 1833 there were severe crop failures, especially in the northern regions, which brought along hunger. In those areas the percentage of deaths due to gastroenteritis was higher. 
Through these three examples the relationship among catastrophic events and importance of gastroenteritis is illustrated.

Smallpox epidemics obeyed more to internal dynamics than to external factors. The virus needed the existence of a pull of susceptibles big enough to survive and move across the territory. Epidemics happened in Finland every 5 to 7 years during the period under study. After the introduction of vaccination in the country, in 1802
, the interval among peaks started to increase in length. 
The disease was endemic in Finland. Not existing big cities in the country at that time, the reservoirs seemed to have been the more densely populated areas in the south and in Ostrobotnia. Most of the peaks, prior to the massive implantation of vaccination, expanded from a few cases in one of those areas through the country and experienced a boom when they reached the other area. Wars or hungers do not seem to have affected importantly the periodicity or magnitude of smallpox epidemics. 

After the first decades of the 19th century, when vaccination started to be massively practiced in Finland, smallpox tended to appear more seldom in the Ostrobothnian area, and most of the deaths happened in the south, especially in the southeast. Probably because in that part of the country the effective practice of vaccination was more slowly adopted, compared to Ostrobothnia and the southwest
. 
On the last smallpox peaks of the period, an interesting phenomenon can be observed, and it is the slight increase in the number of smallpox deaths taking place in Ostrobothnia. It probably has to do with revaccination, or better to say, with the lack of it, as the practice started in Finland only in 1870-1880
.

Malaria is a disease with bigger environmental requirements than the other two. Both the parasite causing the disease and the mosquito that transmits it need some temperature and humidity to survive and reproduce. This constrains the distribution area of the disease in Finland to the south of the country. In the malaria map of Figure 4 can be seen how only in the region 20Ahvenanmaa the malaria deaths were over 2 percent during the whole period. In Figure 6 the period is divided in four quarters, and for each of these, the proportion of deaths due to malaria is represented. 
It is remarkable that for every single region in any quarter, the percentage of deaths due to malaria is always over zero. Malaria was probably endemic in the southwest part of the country and the situation did not change very much along the period analyzed. 
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Figure 6: Percentage of malaria death during the four quarters of the period under study.

Considering the low case-fatality rate of the malaria vivax, it is clear that the disease was conditioning in an important way the state of health of the population, especially in those areas. 
Conclusions

- The analysis of large amount of data, combined with the use of GIS provides interesting information about the temporal and spatial behavior of infectious diseases.
- In 18th and 19th century Finland, infectious diseases were a very strong modulator of general mortality. One sixth of all the deaths analyzed can be attributed to gastroenteritis, smallpox and malaria 
- Gastroenteric diseases were a major cause of infant mortality. Endemic especially in the southeast and the Ostrobothnian area, the disease spread throughout the country following mass movements of people in times of catastrophes.

-Smallpox was endemic in Finland during the period under study and it manifested itself in the form of epidemics every 5 to 7 years. It killed mainly children all around the country. Its reservoirs were located in the more densely populated areas, the south and the western coast. After the adoption of vaccination, the geographical distribution of the disease was influenced by the coverage of the practice.
-Malaria was endemic in the south of Finland in the 18th and 19th centuries. It was not a major cause of death, but considering the low case-fatality rate of the kind of malaria present in Finland, the proportion of sick people must have been considerable. Malaria is a debilitating sickness, which predisposes people to suffer from other diseases, so it may have been an important modulator of the health of the population. It was present during the whole period with variable importance, in response probably variations in temperature and humidity.
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