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The role of the microscope in renal disease
as described in Giulio Bizzozero's handbook
of clinical microscopy

Giulio Bizzozero (20 March 1846-8 April 1901) was an eminent Italian patholo-
gist, the first microscopist to describe the role of platelets as the third mor-
phological element of the blood. He also made innovative discoveries about
the haematopoietic function of the bone marrow, the histological structure
of the epidermis, phagocytosis and many other original intuitions. Since the
beginning, his career was extremely productive: for his valuable research
work, at the age of 26 he was appointed full Professor of General Pathology
at the University of Turin, Italy. Here he emphasised the use of microscopy
against the outdated vision of old academics and promulgated experimental
methods in opposition to the vitalistic philosophy of the time. Bizzozero's
revolutionary vision of medicine aimed to allow every scientist to reach new
discoveries in their field, which were previously the privilege of an elite, mak-
ing him a model both as a doctor and as a humanist. The advancement of his
studies and the development of the art of microscopy led to the publishing
of his masterpiece “Manuale di Microscopia Clinica” (Handbook of Clinical
Microscopy) in 1879. In that, he underlined how the microscopic examination
of the urine gave physicians of the time indicative criteria of kidney altera-
tions, often essential for diagnosis. The author makes a detailed analysis of
the methods of his time, laying the foundations for modern microscopy and
the diagnosis of renal diseases. During his career, he was elected president
of many medical societies and was an active member of several public health
commissions. The contribution of this esteemed scientist was significant both
in expanding knowledge within the scientific community and in promoting
the public understanding of the benefits of medicine.
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Bizzozero’s Biography

1. BIZZOZERO’S BIOGRAPHY

Giulio Bizzozero is considered the father of Italian histol-
ogy. He was born in Varese, Italy, on 20 March 1846, to a
middle-class family. He studied in Milan and Pavia, where,
at the age of 16, he enrolled at the Medical Faculty. He
graduated at the age of 20, and received the“Mateucci Prize’,
awarded to students who achieving the highest grade in all
courses. He began to carry out histological and histopatho-
logical research under the direction of Paolo Mantegazza
who, in 1861, founded the Laboratory of Experimental
Pathology and was Bizzozero's most influential teacher.’

In this period, he engaged in research by conventional
microscopy and published his first papers (at the age of
16), and visited scientific institutes abroad, Zurich (Heinrich
Frey), Wirzburg (Rudolf Albert von Koélliker), Wien (Ernst
Wilhelm Briicke) and Berlin (Rudolf Virchow).?

In the period immediately after his graduation, Italy was
at war with the Austro-Hungarian Empire, and Bizzozero
volunteered as an army medical officer.? Shortly after, in
1868, he was appointed Supplementary Professor of His-
tology at the University of Pavia and continued to teach
there until the end of 1872, when he was appointed Chair
of General Pathology at the University of Turin.?

In 1873, he began his teaching and scientific activity
at the Laboratory of Anatomy, in some rooms granted by
the Dean Joseph Timmermans. With the death of the Dean,
the concession was revised and Bizzozero had to set up a
Laboratory in his home, on Nice Street, Turin.

In 1876, he obtained some rooms in the former Convent
of St. Francis da Paola, where he developed great histo-
pathological experience, making use of the microscope.

In 1878, he became a full Professor of Histology, a
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position he kept until his death. Many of Italy’s younger
pathologists have been his pupils: among them Professor
B. Golgi (Pavia), Tizzoni (Bologna), Canalis (Genoa), Foa
(Turin), Salvioli (Padua), and Morpurgo (Siena).

Giulio Bizzozero was a member of the most influential
Italian and foreign societies of his time. He was one of the
most active members of the Superior Council of Public
Instruction and the Superior Council of Public Health. For
his great service to science and education, he was named
a Senator of the Kingdom of Italy by King Humbert 1.°

He remained active at the University of Turin until his
death on 8 April 1901, aged 55 years, caused by pneumonia.
On the occasion of his death, Virchow, who enjoyed ties of
great mutual respect with Bizzozero, wrote to his family:“la
perte de ’'homme le plus célébre dans notre science” (“the
loss of the most famous man in our science”).

2. GIULIO BIZZOZERO’S MAIN CONTRIBUTIONS
TO MEDICINE

Over his lifetime, Bizzozero published nearly 80 papers,
on various topics. In 1868, he discovered that red blood cells
originate in the bone marrow from nucleated precursor cells
and wrote “Sulla funzione ematopoetica del midollo delle
ossa. Comunicazione preventiva” (On the haematopoetic
function of bone marrow. Prior communication). In his work,
he also underlined the importance of haemotransfusion”
in anaemic patients.

Bizzozero's name is linked with the discovery of platelets
but actually he was not the first to identify these elements;
instead, he coined the term and was the first to clearly
demonstrate their role in promoting thrombosis in vivo
and blood coagulation in vitro.®“The existence of a constant
blood particle differing from red and white blood cells has
been suspected by several authors’, states Bizzozero in his
introductory historical review of his masterpiece paper.*“It
is astonishing” —he continues-“that none of the previous
investigators made use of the observation of circulating
blood in living animals”. By his investigations, he reached
“the surprising conclusion that indeed morphological
elements of a third kind are circulating within the vessels,
besides red and white blood corpuscles. The former cor-
responds to extremely thin platelets”.’®

He also commented that“An investigator who is not pre-
pared in advance to look for other than the known elements
will be attracted only by the red and white corpuscles”’’

Another remarkable discovery attributed to Bizzozero
are the desmosomes, intercellular junctions of epithelia

109

and cardiac muscle that can resist mechanical stress due
the adoption of a strongly adhesive state.’” They are also
called“connecting bodies”, and they have also been named
after him as Nodes of Bizzozero.”

Bizzozero also provided a detailed description of the
phagocytosis process, in the anterior chamber of the eye,
in two papers, published in 1871 and 1872 in the Italian
medical journal Gazzetta Medica Italiana — Lombardia.’*"®

In 1893, Giulio Bizzozero was also the first to observe
and describe spiral organisms in the stomach of animal
models,’¢ depicting Helicobacter pylori.

He gave special attention to the process of cellular
differentiation, classifying the tissues concerning their
capacity to self-renew during the adult life in labile, stable
and permanent tissues.””

3. THE“HANDBOOK OF CLINICAL MICROSCOPY”

The advancement of his studies and the development
of the art of microscopy led to the publishing of his mas-
terpiece “Manuale di Microscopia Clinica” (Handbook of
Clinical Microscopy) in 1879. In that, he underlined how
the microscopic examination of the urine gave physicians
of the time indicative criteria of kidney alterations, often
essential for diagnosis. The author makes a detailed analy-
sis of the methods of his time, laying the foundations for
modern microscopy and the diagnosis of renal diseases.

The first chapter of the book is dedicated to the descrip-
tion and use of the microscope.

Bizzozero details the techniques for using the micro-
scope through an accurate list of existing types of machines,
making a meticulous analysis of their main characteristics.
An interesting detail is the reference to the name and
address of the manufacturer, the cost of the microscope
depending on the price of gold established during the
sale, on the financial conditions of the owner. The follow-
ing chapters are dedicated to the examination of blood,
exudates, pus, skin, mouth contents, vomit, faeces, spit,
nasal mucus, eye and annexed parts, secretions of the
male and female genitals, breast secretions, pathogenic
schizomycetes and urine. Interesting to note that Bizzozero
personally designed most of the elements of the urinary
sediment (fig. 1).

Bizzozero proposed a classification for pathological
urine: (a) Sediment consisting of normal or altered cells
(epithelial cells, red blood cells, leukocytes) or made by
products collected in the kidneys or in their excretory ducts,
(b) sediment consisting of chemical elements precipitated



110

Crovalll di ovsa-
sto di oxloe.

le ;'9”

G. BELLINGHIERI et al

BIZZOZERO Manuale i Micsoacopin Clin

- T

F o) 9
N/ J g
< rel” |
=30
-k
o
P o
J 9
"
.';1;‘
$. & % 3 .
SN
o
138
o &

Figure 1. Tables representing different kind of urinary calculi and elements of urinary sediment, 1879 “Handbook of Clinical Microscopy”, G. Bizzozero.

in the urine, (c) sediment formed by vegetable or urinary
cylinders.

The presence of red blood cells represented a great
diagnostic sign in urinary sediment. Bizzozero empha-
sises that red blood cells “come from the kidneys when, by
means of fibrin or exudation materials, they come together
in cylinders that reproduce the shape and diameter of the
renal canaliculi”®

Red blood cells, on the other hand, did not have strictly
renal origin but could be traced back to the urinary tract
when:

- There s a significant presence of epithelia of the lower
urinary tract

« The blood in the urine is well represented

- Urine at the beginning of excretion comes out lighter
than urine at the end of urination

« Urine takes on a light red colour
- There is presence of clots.

In his treatise, Bizzozero also described the different
types of cylinders visible with the microscope.

Urinary cylinders were identified for the first time in
1837 by Dottor Valentin and Dottor Vigla in urine.

The author, following Dottor Carlo Rovida’s classification,
divides urinary cylinders into three classes: (a) Cylinder hya-
line or colourless; (b) cylindroid; (c) yellow or waxy cylinders.

« Hyaline or colourless cylinder could be: straight, curved,
variously folded, with regular margins.
The diameter is up to 12 micrometers, reaching up to 40-50.
They have been mostly associated with acute nephritis.

- Cylindroids: they are very thin (5-20) micrometers, often
several cylindroids are grouped in a ball-shaped string.
They are frequently found in normal urine sediments,
although the author finds them abundantly associated
with cystitis cases. They have the form of filaments or form
of ribbons. They have an irregular outline, a very wavy or
tortuous course.

- Yellow or waxy cylinders are formed by a slightly yellowish
coloured substance, more refracting and with more distinct
contours, more massive, harder and less elastic (reason
why they get crushed under the coverslip sometimes).
They are characterized by regular, smooth, wavy contours.
Waxy cylinders are larger than hyaline cylinders, they have
a length that varies from a few micromillimeters to two
tenths of a millimeter.

They were often associated with chronic processes and
refer to more severe morbid processes. Of particular interest
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is Bizzozero's classification concerning the examination of
urine in the main kidney and urinary tract diseases:

« Venous congestion

« Acute diffuse inflammation

- Chronic diffuse inflammation
- Interstitial chronic nephritis

« Kidney amyloid degeneration

Venous congestion presents these urine characteristics:
scarce amount, strongly coloured, high specific weight, little
albuminous content, few hyaline cylinders, red blood cells,
white blood cells.

Acute diffuse inflammation presents poor presence or total
absence of urine, intensely coloured, turbid, due to precipitates
of urates and red blood cells, high specific weight, white blood
cells generally numerous, renal epithelia well preserved or
browned by the colouring substance of the blood, cylinders
often in large quantities.

Chronic diffuse inflammation presents a small amount of
yellowish, turbid urine, a high specific weight, mostly above
1020, acidic with a lot of albumin, white blood cells in large
quantities, red blood cells of low quantity, renal epithelia in
fair quantities often in fatty degeneration, cylinders usually in
large quantities, both hyaline and yellowish cylinders.

Interstitial Chronic Nephritis: more abundant urine than
normal due to hypertrophy of the heart (could be less repre-
sented due to a decrease in the strength of the heart), light in
colour, clear, low specific weight, acidic, little or no albumin.
Urinary sediment is usually scarce with generally thin hyaline
cylinders.

Kidney Amyloid Degeneration: associated with various
forms of chronic nephritis and systemic diseases. The diagnosis
in this case is contradictory and a confirmation with systemic
symptoms is needed to identify the disease. The presence or
absence of cardiac hypertrophy or amyloid degeneration in
other organs must be assessed.

This masterpiece of medicine literature (his “scientific
testament”according to Matoni’®) saw, besides five Italian
editions (from 1880 to 1901), also translations in German,
French, Danish, Spanish, English and even in Russian and
Japanese.?’

Interestingly, probably influenced by the Manual of
Frey,?" it stands out for the autonomy of content devel-
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opment and a strongly clinical and completely original
approach for those times.?>23

Bizzozero's masterpiece definitely represents a milestone
in scientific literature, a witness of the radical evolution of
modern medicine and experimental research.

4. CONCLUSIONS

During his career, Bizzozero emphasised the use of
microscopy against the obsolete vision of old academics
and promulgated experimental methods in opposition to
the vitalistic philosophy of the time. Bizzozero underlined
the idea of “teamwork”and his strong connection with his
close collaborators, saying that in a laboratory“a mind should
give the idea and the direction of work while other minds join
together dealing with particular executions”?*

Bizzozero’s revolutionary vision of medicine aimed to
allow every scientist to reach new discoveries in their field,
which were previously the privilege of an elite, making
him a model both as a doctor as a humanist.?* In one of
his memorable speeches he declared: “We need to undress
science of the cloak of mystery and authority: the professor
in the school must not offer a series of dogmas supported
by the prestige of his name, he must instead expose science
in the real state in which it is found, with its doubts and its
unresolved mysteries’.

Benedetto Morpurgo, Bizzozero's successor to the Turin
Chair, said about him: “He entered the difficult environ-
ment of a university aged and closed in dogmatic teachings,
fearful of any innovation. The admirable instrument of Biz-
zozero’s discoveries, the microscope, appeared to be an infernal
weapon, destined to bring down the consecrated dogmas of
the cathedratics.

Bizzozero and the microscope were considered as one
entity, as were Galileo and his glasses, dangerous threats to
the solemn quiet of classical university teaching’.

For the author, the microscope was an instrument of
pivotal importance, to the point where it could definitely be
claimed that no other scientific instrument of the time could
offer such a broad range of characterisation techniques
and strategic functions for the progress of medicine. The
innovation brought by the use of the microscope repre-
sented a real revolution in the methods and approach to
science, in which Bizzozero was a real guide and pioneer.
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MEPINHYH

O POAOG TOU MIKPOOKOTIIOU OTIG VEPPIKEG TTAONOELG, OTIWG TTEPIYPAPETAL OTO EYXEIPISIO KAIVIKNG
HiKpookKomiag Tou Giulio Bizzozero
G. BELLINGHIERI," G. GEMBILLO,' E. SATTA,2 A. SALVO,' V. SAVICA,> D. SANTORO'
'Unit of Nephrology, Department of Clinical and Experimental Medicine, University of Messina, Messina,
2Nefrocenter Research Network, Naples, >°A. Monroy, Institute of Biomedicine and Molecular Immunology,
National Research Council, Palermo, ItaAia

Apxeia EAAnvikri¢ latpikric 2020, 37(XuumA 2):108—113

O Giulio Bizzozero (20 Maptiou 1846—-8 AnipiAiou 1901) rtav évag Sidonpog ITaAdg mTaBoAdyog, o TIPWTOG UIKPOBLOAG-
YOG TTOU TTEPIEYPAYE TO POAO TWV ALUOTIETAANIWYV WG TO TPITO HOPYOAOYIKO OTOIXEIO TOU AipATOG. EKAVE £TTIONG KAIVOTO-
MEG AVAKAAUWYELG OXETIKA LE TNV ALUATOTTOINTIKN AEITOLPYIA TOU HUEAOU TWV OOTWY, TNV LOTOAOYIKK Soun TNG embep-
Hidag, TN @AYyOKUTTAPWON Kal TTOANEG AANEG TTPWTOTLTIEG SLAICOROELG. ATTIO TNV apxr, N KApLEPa Tou Tav e§AIPETIKA
TIOPAYWYIKH: XAPn OTO TIOAUTIHO EPEVUVNTIKO TOU £€pY0, OTNV NAIKIO TWV 26 £TWV S10pI0TNKE TAKTIKOG KaBnyntrg Mevi-
kNG MaBoloyiag oto Mavemotruto Tou Topivo TG ItaAiag. Ekel, umootnpi€e TN XPrion MIKPOOKOTTAG EVAVTIA OTO &&-
TIEPACHEVO OPAUA TWV TTAAAIWY AKASNMUATKWY Kal VIOBETNOE TTEIPAMATIKEG LEBOSOUG TTOL €pxovTav o€ avtiBeon e
TN BITANOTIKN @IANOCO®IA TNG ETTOXNG. TO EMAVACTATIKO Opapa Tou Bizzozero yla tnv laTpIKn €ixe WG OTOXO Va ETIITPE-
PeL o€ KABE EMOTAUOVA VA GTACEL OE VEEG AVAKOAAUPELG OTOV TOMEA TOU, Ol OTTOIEG TAV TIPONYOUUEVWG TO TIPOVOULO
HLag AT, KaB1oTWVTAG TOV TIPOTUTIO TOCO WG LATPO OC0 Kal WG avOpwmoTtr. H mpdodog Twv omoudwy Tou Kal N ava-
TTLEN TNG TEXVNG TNG UIKPOOKOTTIAG 08 ynoE 0T SnUOcieucn TOU APLIOTOVPYHUATOG Tou “Manuale di Microscopia
Clinica” (Eyxelpidto KAvikri¢ MikpooKoTtiag) To 1879. € autd, UTTOYPAMUIOE TIWG N UIKPOOKOTTIKN £E£TAON TWV OVPWV
TIAPEIXE OTOUG LATPOUG TNG ETTOXNG EVOEIKTIKA KPITHPLA VEPPLIKWY AANOIWOEWY, TTOL TAV CUXVA amapaitnta yia tn Si-
ayvwon. O cuyypa@£ag KAVEL pLa AETTTOPEPT avAALOoN TwV HEBOSwWV TNG EMOXNG Tou, B€TovTag Ta BgpéAla yia Tn oUY-
XPOVN UIKPOOKOTTia KAl TN S1dyvwon Twv VEPPIKWY VOowv. Katd tn Sidpkela TnG otadtodpopiag tou, e€eNéyn TpoOe-
SPOG TTOANWV LATPLIKWY CUANOYWV Kal ATAV EVEPYO HENOG TTIOAWYV ETITPOTIWV SNUOCIAG LYEIOG. H cuvelopopd autou
Tou aIOTIHOV EMOTHUOVA NTAV OCNUAVTIKA TOOO OTNV EMEKTACN TNG YVWONG HECA OTNV ETTIOTNMOVIKK KOIVOTNTA 60O
Kal 0TNV TPowONnon TNG KAtavonong Tou 0o@ENOUG TNG LATPLKAG ATTd TO KOVO.

Né&erg evpeTnpiou: Giulio Bizzozero, Manuale di Microscopia Clinica, Mavemotriuto tou Topivo, Ta AOTTETAA A WG TO TPITO EUUOPPO OTOIXEIO
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