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Abstract

The Mortorum Libri of Milano (1452-1801) represent the first register in Europe based
on the daily recording of the dead and detailed information about the social ties of
decease people.

Mortorum Libri’s protocol is the first example of a monitoring and prevention chain
based on ethical and juridical individual responsibility.

The causes of death were codified according to the International Classification of
Diseases (ICD-10) to relate the original classification with the present one.

This study has a particular reference to the Registers of the 15" century and analyzes the
mortality in 1480 as an example of the database application in epidemiology.
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Introduction

By combining technological innovation and social history through a multidisciplinary and
cross-cutting perspective (medicine, public health, history, statistics, social anthropology,
information technology, and conservation science), this paper proposes a new approach to the
acquisition and analysis of an exceptional source of epidemiological data in Europe scarcely
utilized by scholars for a long time, the Mortuorum Libri (MML, MiSfoRe).

The MML (1452-1801) have been established by the Duke of Milan Francesco | Sforza.
They constituted the first registration of the demographical data as well as of the causes of death
in Italy (for example the first records of Venice obituaries date back to 1504 (Lazzari et al.
2020) and in Europe based on the daily recording of the dead and detailed information about
the social ties of decease people (Alter and Carmichael 1999; Vaglienti 2013). Driven by the
aim to earn the consent of the population, worried by recurrent plague epidemics (Cohn and
Alfani 2007), Francesco Sforza conceived the Registers of the Death as a tool to check the rate
of mortality and morbidity among the population, and to detect suspicious cases of plague or
violent death (Vaglienti and Cattaneo 2010).

The revolutionary vision of Sforza was confirmed, in 1456, by the foundation of the first
great European hospital, the Ospedale Maggiore, called by the Milanese people Ca’ Granda
(Great House), conceived as a place of care and not only as a hospice for the incurables. With
this perspective, Sforza claims to the state functions of assistance and care hitherto completely
delegated to religious institutions. Designed for the early detection of epidemics the MML have
beenamong the earliest examples of public health intervention in pre-industrial Europe.

The aim of Sforza was clearly to warrant a rapid containment of the spread of contagious
diseases with rapid measures such as the closure of the affected homes or the transfer of sick

people to the Lazzaretto (Lazaret). This approach consisted in a capillary system of control of
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causes of death and, in particular circumstances, of sick people, without distinction of sex, class,
or age, also including residents of passage and foreigners.

About this outstanding historical and anthropological source, this paper aims to describe
the methodology adopted for filling the MML, with particular reference to the Registers of the
15th century, and to analyze the mortality and the causes of death in 1480, a year without plague.*

The uniqueness of this corpus lies in the accuracy in collecting personal data and
information on the social ties of the patient, which mirrors not only the perspective of social
inclusion of the Sforza healthcare system through the individual bodily engagement of the links
of the chain but also the importance of information on the proximity social network (household,
neighborhood) to follow the evolution of contagion. Such an accurate method of survey
remained utmost meticulous and effective for more than one century, in particular to face
virulent plague epidemics which stroked the country in 1476-78 and in 1483-85.22 The reports
of 1485 give a taste of the elements which were taken into consideration by the officers. In
several cases, they report not only symptoms and causes of sickness and death but also the
timing laps from the beginning of symptoms and the visit of the health officer, and the

symptomatic context of the household. Consequently, public officials were in charge of

inspecting the corpses personally, collecting the deceased's data and registering them in the

! The research project MiSfoRe was carried out by the Department of Historical Studies of the
University of Milan, in collaboration with the direction of Archivio di Stato di Milano, the chair of
Medical Statistics of the Department of Clinical Sciences and Community Health, the chair of
Information Sciences of the Department of Computer Science “Giovanni degli Antoni” & DSRC, and
the chair of Infectious Diseases of the Department of Biomedical and Clinical Science L. Sacco of the
same University. The last three departments are joined to the Data Science Research Centre of the
University of Milan.

2 The pandemic 1476-1478 also determined the publication of several tractatus on plague in Italy.
Between 1480 and 1499, 35 studies on plague have been published, among which, in 1478, De peste
by surgeon and philosopher Jacopo Soldi, the Trattato de la pestilentia by Girolamo Manfredi (1479),
the Consilium contra pestilentia by Gentile da Foligno (1479), and De Pestilentia by Giovanni Calori.
In 1481 Marsilio Ficino published the Consilio contro la pestilentia, which was republished several
times between 1575 and 1580 when strong plague epidemics resurfaced (Katinis 2007; Duranti 2008).
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same day or within a day after death. The same duty was imposed to the graduate doctors
whenever their patients have died at home.

Although they cover four hundred and fifty years and that they are extraordinarily rich
in data as being much more complete than the later Italian and foreign registers, unlike London's
Bills of Mortality, MML have always remained manuscripts and their use has remained limited
to health offices. The several governments that succeeded each other in ruling the city since the
beginning of the 15™ century have never given them publicity, keeping in fact scholars aside from this
data. MML have been scarcely exploited and unexplored by the modern epidemiology until the
19th century (Ferrario 1840) and remained in further long oblivion until the seventies of the
last century (Cipolla 1974; Albini 1982; Zanetti 1976). Such oblivion is also due to the strong
international visibility of the Bills of Mortality of London, established in 1592 and maintained
until the 19th century. The Bills are the most renown source of morbidity and mortality data on
which public health sciences have been implemented since early origins (Heitman 2020). The
most renown, but neither the first established nor the most exhaustive.

There are two important differences between parish Registers as the London Bills and
the Milan Sforza Registers: in the Books of the Dead of the city of Milan the causes of death are
reported for all individuals, and have been determined by a doctor or a public official (and not
by a responsible for the parish (Rollo-Koster 2016)); moreover, they report the dates of death

and not those of burial.

Materials and methods
The corpus of Mortuorum Libri

The State Archives of Milan presently holds a continuous series of 287 handwritten Registers
(an example of two pages of the Registers is shown in Figure 1), with only some discontinuities
in the 15" and early 16™ century due to the fire of the headquarters of the Office of Health

(Ufficio di Sanita), where the volumes were stored, on the night between December 31, 1501
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and January 1, 1502. The Register of 1480 starts from January 23rd. It was not possible to trace
the recordings of the first 22 days, which should have been accessible to Ferrario (Ferrario
1840), who reported in January 1480 a total of 170 deaths, and a total of 1938 deaths in the
entire year.
The Registers of the 15th century, which were written in Latin, systematically reported:
(1) In which of the six parts of the city, named according to the six main doors of
the city wall, the death occurred (the city doors were called, going clockwise
starting from the North, “Porta Nuova, Porta Orientale, Porta Romana, Porta
Ticinese, Porta Vercellina, Porta Comasina”) (Tucci, Ronza, and Giordano
2011).
(2) The Parish where the deceased individual has lived or where the death occurred
or sometimes the burial place.

(3 The place where the death occurred: hospital, prison, on the street, or in some

other special locations.

(4) The name, surname, or nickname of the deceased person. For children,
adolescents and, unmarried women were reported (with few exceptions) the
name of their father (living or deceased) or, if the father was unknown, of their
mother. For abandoned illegitimate children it was always reported a last name
(typically: “da Milano” or “Colombo”, according to an established custom), or
the denomination: "son, or daughter, of the hospital”. The name of married

women is often accompanied by the name and the surname of their husband.

(5) The social and professional status of the deceased (of the father in the case of
children or the husband in the case of adult women). Nobility or ecclesiastical
titles and those arising from the position in the public administration, ducal

court or ducal army, and the position held in hospitals and charitable institutions
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were also included. The data reported also if the dead person has belonged to a
liberal profession, as well as the status of domestic worker, the condition of

poverty, or the status of prison inmate.

(6) The age at death, expressed in years for adults, and in months, days, or even
hours for infants.

(7) With a few missing cases the gender can be extrapolated from the person's
name.

(8) The cause of death, whose registration was initially aimed mainly to distinguish
between plague and current causes of death, using rather coarse definitions. In
a short time, the registering evaluated into an accurate report for all the causes,
including the description of symptoms, as in this sample coming from the
register of 1459: “Long-suffering of quartan fever, the night before he had a
paroxysm, aggravated by an indigestion that caused heart palpitations and
blurred intellect, then evolved into syncope and apoplexy that led to the death ".
A code specified, in case of plague, if it was a new case or an already known
one.

(9 The name of the official in charge of inspecting the bodies and determine the
causes of to be transcribed on the register along with all other information
requested. This official could be a ‘collegiate” doctor (indicated in this case with
personal name and title) or a health official appointed to this specific duty; less

frequently, the Elder of the parish or, in exceptional cases, the gravedigger.
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Figure 1. Sample picture of Mortorum Libri (kindly authorized by State Archives of Milan)

Research methods

The causes of death and the demographic data of deceased persons enlisted in the Registers have
been collected and translated from Latin by an expert paleographer and were later transferred
to a database. A conceptual overview of the data available in the MML is shown in Figure 2,
where data are described in terms of entities, attributes, relations among entities, and their
cardinality constraints. The main entity is the DECEASE, which represents the event of a death
as recorded in the MML corpus. Such an event is associated with a date and has a
PROVENANCE, that is the reference to the specific book in the corpus where the decease
record has been retrieved. A variety of other entities, each depicting the historical and
interpretative background of the death event, has been conceptualized in terms of three main
contexts, namely Social Context, that is related to the people directly or indirectly involved in
the death event and their mutual relations; a Geographic Context, related to the distribution of
the events over the territory of the historical city of Milan, and a Clinical Context, related to

the hypothesis and the causes concerning the death. In particular, two main kinds of causes,
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namely EVENTS (e.g., incidents, fights, murder) and DISEASE (i.e., any natural cause of

death that is interesting from a clinical perspective) have been also considered.
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Figure 2. A conceptual overview of the data available in the Mortuorum Libri of Milan

To obtain an integrity of data collected (there is the need to uniform data collected to
perform analysis such as statistical analysis and spatial analysis, and there is the need to obtain
data correctly readable by a software such as R (R Core Team 2020)) the following steps were
performed:

(1) The potential presence for repeated records was checked and they were
removed from the dataset.

(2) The presence of special characters (for example A) in the header and in the cell
were modified. A check was carried out to whether the missing data had been
identified in the same way. If not, a recording of them has been carried to obtain
a unique identification. If the information about the missing data could be
deduced from other fields, a correction has been made (i.e.: a subject had a NA
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for Sex, but the name of this subject was Giovannina, so the Sex could be
codified as female).

(3) A spelling or typing error correction has been performed (i.e.: A. Maria al
Circolo has been corrected as S. Maria al Circolo). In those cases where the
inconsistencies or errors could not be corrected based on the content of the
dataset, the expert was asked to check. The reported causes of death have been
tentatively interpreted according to contemporary medical treatises, in
particular as regards the classification of fevers (Sennert 1608; Borsieri de
Kanilfeld 1781).

The causes of death were finally codified according to the International Classification of
Diseases (made by the World Health Organization) to obtain a link between the original
classification and the current classification criteria (ICD-10).

The ICD is a classification system in which disease and injuries are placed into groups
based on defined criteria. Thanks to this instrument, information about morbidity and mortality
can be encoded to get comparable data for statistical and epidemiological monitoring. The first
classification list, in 1893, only concerned the causes of death. From 1948 it also included the
morbidity codes. The ICD-9-CM is the version of the 9" revision of ICD classification that was
modified and extended with the clinical coding information (intervention, diagnostic and
therapeutic procedures). In 1994 the WHO has completed the publication of the three volumes
of ICD-10. At the moment this classification is adopted in Italy to code causes of death in the
ISTAT survey on deaths, and to code the hospital records. ICD-11 comes into effect in 2022
and it gathers the different modifications and adaptations executed over time adding clinical
needs.

The codification of the causes of death in Milan Sforza Registers according to ICD-10

(WHO, 2016) has implied the steps below:


https://doi.org/10.1101/2021.02.10.20249093

medRXxiv preprint doi: https://doi.org/10.1101/2021.02.10.20249093; this version posted February 12, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.
(1) Identification of the most frequent medical terms in the string of causes of death
in the original database (i.e.: febbre, pleurite, catarro).
(2) Those terms have been identified as keywords and an appropriate code of ICD-
10 has been attributed to each of them in relation to the description of the first

level of classification (see Table 1). l.e.: febbre was codified as XVIII, pleurite

was codified as X, catarro was codified as X).

(3) Three additional fields have been compiled for each record containing the
classification of the cause of death extracted from the string, according to the
predefined keywords.

(4) The final classification of the cause of death has been defined according to the

more indicative cause of death in the three fields.
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Table 1. ICD10-Fist level classification

I Certain infectious and parasitic diseases

I Neoplasms

Il Diseases of the blood and blood-forming organs
and certain disorders involving the immune mechanism
v Endocrine, nutritional and metabolic diseases

Vv Mental and behavioural disorders

Vi Diseases of the nervous system

VIl | Diseases of the eye and adnexa

VIII | Diseases of the ear and mastoid process

IX Diseases of the circulatory system

X Diseases of the respiratory system

XI Diseases of the digestive system

X1l | Diseases of the skin and subcutaneous tissue

XII | Diseases of the musculoskeletal system and connective tissue

XIV | Diseases of the genitourinary system

XV | Pregnancy, childbirth and the puerperium

XVI | Certain conditions originating in the perinatal period

XVII| Congenital malformations, deformations and chromosomal abnormalities

XV Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified
XIX | Injury, poisoning and certain other consequences of external causes

XX | External causes of morbidity and mortality

XXI1 | Factors influencing health status and contact with health services

Results

The original information reported in the MML were added to the recoded cause of death
according to ICD10 and a first version of the database was then obtained. The content of the

database was detailed in Table 2.
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Table 2. Variables in the database and their codification

Variables Codification Definition (if not Levels (if categorical)
defined before)
n. Numeric integer | Progressive number used
by identification of
subjects
Register Character The identification of the 76/1
register of the records
Door Character Comasina, Nuova,
Orientale,
Romana,
Ticinese,
Vercellina
Parish Character
Death Date Date (yyyy-mm- | The date of death
dd)
Subject Character The name, surname or
nickname of the deceased
person
Name Character The name of the subject

(extrapolated from the
variable “Subject”)

Surhame Character The surname of the
subject (extrapolated
from the variable

“Subject”)
Age Character
Sex Character F, M
Profession of the subject Character i.e.: canevario,
giurisperito
Profession of the relative Character
Legal status i.e.: religious,
widowed, servant
Type of religious Character For legal status=religious i.e.: canon,
monk, nun,
preshyter
Honorary titles of the Character i.e.: domina, dominus,
subject maestro
Honorary titles of the Character i.e: maestro
relatives
Name of the relative Character i.e.: Lorenzo,
Ambrogio,
Gabriele
Degree of kinship Character i.e.: father, husband
Relative state Character i.e.: dead
Type of the place of death Character i.e.; hospital,
castle,
monastery
Name of the place of death Character i.e.. Monastero Nuovo,
ospedale di
S.Caterina,

12
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monastero di
S.Francesco

Age_years

Numeric integer

Age of the subjects
expressed in years
(extrapolated from Age)

Age_months

Numeric integer

Age of the subjects
expressed in months for
children and infant, were
appropriated
(extrapolated from Age)

Age_days

Numeric integer

Age of the subjects
expressed in days for
children and infant, were
appropriated (extrapolated
from Age)

Tot_age_days

Numeric integer

Calculating from
Age_months, Age_years,
Age_days

Cause of death Character
Physician name Character i.e.; Catelano
(luditio
(Necroscopi) Catelani),
Maestro
Ambrogio
Pasquali, Maestro
Matteo da Busto
tip 1 (ICD10-keyword) Character Extrapolated from the
Cause of death. The
keywords useful for the
identification of the
appropriate ICD10
description suggestion 1 Character Description of
(ICD10-description) tip 1 (ICD-10-keyword)
Cause of death-1 Character A code (roman number)
for the identification of
the first cause of death
(extrapolated from tip 1
(ICD10-keyword))
Cause of death-2 Character A code (roman number)
for the identification of
the first cause of death
(extrapolated from tip 1
(ICD10-keyword))
Cause of death-3 Character A code (roman number)

for the identification of
the first cause of death
(extrapolated from tip 1
(ICD10-keyword))

Cause of death-1 num

Numerical integer|

Numerical value. The
Cause of death- lexpressed
as number

13
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Cause of death-2 num Numerical integer] Numerical value. The
Cause of death-2
expressed as number
Cause of death-3 num Numerical integer| Numerical value. The
Cause of death-3
expressed as number
Outcome in case of plague Character DEAD/ALIVE

Violent death Indicator variable 0= nonviolent
death 1=violent

death (suicide,
homicide or injuries)

This version of the database allows the investigation of the mortality patterns both in
plague periods and in periods free of plague. These latter will give the opportunity to describe
the causes of death that were common in relation to the socio-economical and demographical
structures in different periods. As an example of the use of the database for analyzes of mortality,
in a period free of plague we show some descriptive statistics about data of 1480.

Table 3 shows the causes of natural death (ICD-10) for all subjects (subjects without age
are excluded from the analysis) with the cause, the number of subjects, and the percentage.
N=1788.

Table 4 presents the distribution of age (years) at death for all subjects (excluding the

subjects with an unknown age).
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Table 3. The distribution of the causes of mortality, as classified according to ICD-10

Causes of death (ICD-10) Number of subject (%)
Perinatal mortality nd 347 (19.52%)
Children without a diagnosis 293 (16.48%)
Protracted fever states 204 (11.47%)
Acute pneumonia 119 (6.69%)
Hetical fever 111 (6.24%)
Fever with respiratory symptoms 82 (4.61%)
Fever with GI symptoms 68 (3.82%)
Dropsy 60 (3.37%)
Infections of various types 48 (2.7%)
Consumption 44 (2.47%)
Worms 40 (2.25%)
Different non-infectious causes 36 (2.02%)
Cerebrovascular 35 (1.97%)
Asthma, heart problem 32 (1.8%)
Fever with exanthema 32 (1.8%)
Possible UTI/ urinary calculus 32 (1.8%)
Childbirth or related causes 30 (1.69%)
Diarrhea, dysentery without fever 28 (1.57%)
Chronic respiratory disease 27 (1.52%)
Unknown/ undetermined/ unreadable 22 (1.24%)
Old age 21 (1.18%)
Jaundice/ hepatic pathology 18 (1.01%)
Cancer 14 (0.79%)
Childhood seizures (< age of 7 years) 7(0.39%)
Heart disease 7 (0.39%)
Hunger 7 (0.39%)
Seizures (epilepsy) (>age of 8 years) 6 (0.34%)
Erysipelas 3 (0.17%)
Hemorrhagic manifestations 2 (0.11%)
Smallpox 2 (0.11%)
Gangrene 1 (0.06%)
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subdivided according to sex.

Mean Median Min Max First Third Standard Number
quartile Quartile | deviation of
subjects
All 26.17 17.00 0.00 100.00 1.00 50.00 27.57 1811
subjects
Female 26.78 18.00 0.00 100.00 1.00 50.00 27.58 910
Male 25.55 14.00 0.00 100.00 0.00 50.00 27.56 901
Discussion

The MiSfoRe project proposes an interdisciplinary approach to the MML including Health
Sciences, Human Sciences, and ICTs to provide epidemiological data within a historical and
anthropological perspective. A further aim of the project is to apply this multi-level approach to
other national sources of data on mortality and to create a network on information that could
improve the knowledge of the interaction between social and biological mechanisms.
Moreover, the project aims to stress the huge potential of the astonishing MML method, which
seems to respond to an “ante litteram” ethnographic data collecting to face the urgency of
epidemics. The meticulousness of the description of symptoms and of the information on the
social context of the patients does reveal the strong relationship between individuals and
community conceived by Sforza, in the wake of the neo-platonic philosophy, which considered
the individual body as a microcosm reflecting the universe. First of all, the Registers reveal a
policy of care based on individual responsibility, and that beyond social status, sex, and
nationality, and such a virtuous chain of responsibility allows to be timing. It would be
impossible, also considering the experience of COVID-19 in Italy, in particular in Lombardy,
to not envisage Sforza’s method as an example for the contemporary health protocols and
policies based on proximity and on a network of social ties of empathy and engagement which
seem to level the social stratification of the community based on an ethical mission.
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