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[ 1 Ilya Metchnikoff: a Nobel Prize for phagocytosis

SUMMARY: This is an outline of the life, as both a scientist and a man, of the great Russian scientist Ilya
Metchnikoff. He was awarded a Nobel Prize in 1908 for his research into immunology (cell-mediated
immunity), which he summarized in his 1901 book Immunité, in which, going against the grain, he promoted
the cellular (not humoral) theory of immune mechanisms. His range of knowledge was, however, eclectic, and
he can also be considered the promoter of the widespread use in the West of soured milk (yoghurt) as a source
of longevity. Outspoken against the Tsar, he found himself having to flee from his homeland. He moved to
Messina (Italy), a city where he would make his famous discoveries on phagocytosis.
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[ THE DATES THAT MATTER

Ilya Metchnikoff was born in Kharkov (Russia) on 16
May 1845. After studying biology under R.A.
Kolliker, he went to Paris, then to the Naples
biological research institute, where he conducted
systematic research into the development of germ
layers in invertebrate embryos. However, he had to
leave that city due to a cholera epidemic, going first
to Germany and then returning to Russia.

From 1870 to 1882, he taught at the University of
Odessa, but was forced to resign due to his anti-Tsarist
activity. He moved to Messina, where he made his
great discovery, phagocytosis, which earned him the
1908 Nobel Prize for Medicine (with Paul Ehrlich).
Six years later he was called to Paris as Director of the
Pasteur Institute, inaugurated in that year.

Still very young, at Luckart’s laboratory in Giessen
(Germany) Metchnikoff made his first major
discovery, observing the alternation of generations

(gamic and agamic) in nematodes. He also studied
intracellular digestion in helminths in depth,
glimpsing those mechanisms of incorporation and
demolition that would lead him to the concept of
phagocytosis, also inspired by the fact that in some
metazoa the processes of digestion and defence are
inextricably linked to each other.

After a bout of depression (during which he turned to
morphine) following the untimely death of his first
wife, he took a research trip to the Eurasian steppes;
and on the basis of his observations he concluded
that, compared to Caucasians, the Mongols’ evolution
had been interrupted; he ascribed the longevity of the
Kalmyks to their diet, which mainly consisted of
fermented milk.

He then suffered another period of depression, in
which he attempted suicide a second time by
injecting himself with the relapsing fever spirochete.
In 1901 he published his seminal work /mmunité; this
book outlined his theories in support of the cellular

Correspondence: Dr. Bruno Zanotti, Neurosurgery Unit, Neuroscience Department, “C. Poma” Hospital, 46100 Mantua, Italy,

bruno.zanotti @rivistamedica.com
Progress in Neuroscience 2021; 6 (1-4): 57-61.

ISSN: 2240-5127

Copyright © 2021 by new Magazine edizioni s.r.l., via dei Mille 69, 38122 Trento, Italy. All rights reserved. www.progressneuroscience.com

-57 -



llya Metchnikoff: a Nobel Prize for phagocytosis

L. Sterpellone

\
)
'

B IOV @ g5, Dividson

Figure 1. Elie Metchnikoff standing in a laboratory. Engraved
by H. Davidson (The Century illustrated monthly magazine.
v.79., 1909).

Figure 2. Leo Tolstoy (leff) and Metchnikoff.

(and not humoral) theory of immune mechanisms,
which went very much against the prevailing wisdom
of the time. Among his other major works were:
Atiologie, Prophylaxe der Infektionskrankheiten
(1897), Der Lehr von den Phagocyten un deren
exprerimentelle Grindlagen (1904), and Bacterio-
tyherapie, vaccinatio et, sérotherapie (1908).

No less interesting are his investigations on the
phenomena that promote aging; he studied a large
group of Bulgarian centenarians who subsisted
mainly on soured milk, which he examined under a
microscope. He discovered that its activity was due to
the presence of a bacillus, which he fittingly named
Lactobacillus bulgaricus. From that day on, his
second wife Olga (who was also his biographer) had
to prepare gallons of soured milk for her husband,
who made excessive use of it. Collaborators and
acquaintances began to imitate him, and soon the
consumption of soured milk became a viral trend that
quickly spread to Paris and throughout France,
Europe and overseas. Small and large industries for
the production of yoghurt arose across the world.
These soon proved to be productive and lucrative, but
Metchnikoff had no interest in profiting from his
discovery.

[] THE DISCOVERY OF PHAGOCYTES

The 1908 Nobel Prize for Medicine was a reward for
the pioneering research into immunology that the
Russian researcher had carried out years earlier in his

Figure 3. Mechnikoff and his wife Olga (approximately 1908).
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small house on the Strait of Messina, where he had
retired into voluntary exile to escape the Russian
police; they were hunting him as a terrorist, allegedly
involved in a conspiracy against the Tsar. He
described his “Eureka!” moment as follows:
One day when the whole family had gone to a
circus to see some extraordinary performing apes,
I remained alone with my microscope, observing
life in the mobile cells of a transparent star-fish
larva, when a new thought suddenly flashed across
my brain. It struck me that similar cells might
serve in the defence of the organism against
intruders. Feeling that there was in this something
of surpassing interest, I felt so excited that I began
striding up and down the room and even went to
the seashore to collect my thoughts.
1 said to myself that, if my supposition was true, a
splinter introduced into the body of a star-fish
larva, devoid of blood-vessels or of a nervous
system, should soon be surrounded by mobile cells
as is to be observed in a man who runs a splinter
into his finger. This was no sooner said than done
(O. Metchnikoff. Life of Elie Metchnikoff,
Constable & Co., London, 1921).

The Russian scholar’s predictions came true: near the
thorn, the starfish larva appeared to fill with “mobile
cells”, that is to say leukocytes, ready to destroy it.
He deduced that when an “intruder” enters the body,
be it a thorn or a microbe, particular cells move
towards it, surround it, and try to eat it.

It just so happened that in those days the great
German pathologist Rudolf Virchow was passing
through Messina; Metchnikoff explained to him his
hypotheses on the defence mechanisms of organisms
in detail, proudly showing him his preparation with
the larva pierced by the rose thorn. He explained that
in a starfish larva, devoid of a vascular system,
leukocytes displayed the power to incorporate and
destroy any microorganisms by virtue of their
amoeboid movements, without the aid of blood flow
to transport them to the site.

Virchow was profoundly impressed by this phe-
nomenon, but he pointed out to his host that the
prevailing opinion at that time among pathologists
was literally the opposite-in their opinion, the
“mobile cells”, rather than destroying the bacteria,
would incorporate them and disseminate them
throughout the body. Leukocytes were the elements
that spread the germs, and not, as Metchnikoff
claimed, those which destroyed them!

Figure 4. Professor llya Mechnikoff (between ca. 1910 and ca.
1915).

But Metchnikoff remained firm, and christened his
mobile cells Fresszellen- “eating cells” in German, a
rough but meaningful term. It would not be until later
that his zoologist friend and lover of ancient Greek,
C. Claus, coined the more elegant “phagocyte”. The
term phagocytosis naturally followed on from this,
and was officially consecrated at the end of 1883 on
the occasion of the 7th Congress of Russian
Naturalists and Physicians in Odessa, where
Metchnikoff presented his report On the mesodermal
phagocytes of some invertebrates:

IN QUESTA CONTRADA DEL RINGO#
ILYA ILICH METCHNICOV |
1845 1916

SCIENZIATO RUSSO

PREMIO NOBEL 1908

SCOPRI" LA FAGOCITOSI
NEL NATALE 1882

CONS. IX Q.S.LEONE 1988

Figure 4. Me- "é"
morial plaque 7
for the discov-
ery of phagocy-
tosis by Mech-
nikov in 1882 at
Messina (Italy).

-59 -



llya Metchnikoff: a Nobel Prize for phagocytosis

L. Sterpellone

MANUFAC Tup:

| o
TENAIRSS. =S

Le Professeur METCHNIKCOFF

Figure 6. Caricature, spoofing Metchnikoff’s enthusiasm for
probiotics as a panacea, designed by Hector Moloch (signing
B. Moloch) and published in the journal “Chanteclair’ (2015).

1 used the expression phagocyte to indicate various
types of cells capable of capturing and digesting
solid nutrients. The origin of the phenomenon of
phagocytosis is to be found in the mesoderm,
where there is a large number of amoeboid cells
that devour foreign bodies, as well as dead or
weakened autogenic elements. This power of
leukocytes is well documented in pathology,
although it has not yet been admitted that the
incorporation of foreign bodies means food intake,
or that the decomposition of ingested substances
(such as blood cells) implies digestion. The results
obtained in invertebrates and, especially the
evidence that the sponge'’s amoeboid mesothelial
cells play an important role in digestion (similar to
that observed in Bipinnaria, Phyllirhoe, efc., in
which these cells act as digestive organs), lead to

the conclusion that intracellular digestion takes
place in the mesodermal cells of vertebrates.

To establish whether vertebrate phagocytes are
also capable of devouring pathogenic bacteria, 1
caused artificial septicaemia in toads by
subcutaneously injecting foetid blood. Leukocytes
Jfrom infected animals have been shown to contain
mobile and immobile pathogenic bacteria,
including in vacuoles.

1 also found many of the pathogenic bacteria in the
phagocytes of the spleen, which supports the
theory accepted by many pathologists that
leukocytes containing insoluble or poorly soluble
material usually transport them to the spleen.

Since 1865, when he was in Giessen, Metchnikoff
had studied the intracellular digestion of a particular
sandworm genus (Fabricia), relating this type of
digestion to that observed in some protozoa: in this he
glimpsed a sort of connection between lower and
upper forms of animal life. Fifteen years later he
published a paper on intracellular digestion in
coelenterates, showing that some cells derived from
the endoderm and mesoderm take up carmine gra-
nules suspended in water. However, he did not
understand the mechanism behind this phenomenon.
In essence, according to Metchnikoff, the mecha-
nisms of digestion and defence were essential
“ingredients” of the body’s defence process, which
changes in relation to evolution. Thus, in the lower
metazoan, defence and digestion were interchange-
able attributes of the same type of cells; but with the
development of the three germ layers (endoderm,
mesoderm and ectoderm) in the higher zoological
forms, it would be the mesoderm that would take on
both functions. When digestive enzymes replaced
intracellular digestion, the two functions became
distinct, and the mesoderm retained only its defence
function. Finally, in higher animals and humans,
defence functions were carried out by even more
diversified cells (the “phagocytes”), like leukocytes
in blood, capillary endothelial cells, and large
lymphatic tissue cells.

According to Metchnikoff, therefore, along the entire
scale of invertebrate and vertebrate beings,
phagocytosis is the characteristic aspect of inflam-
mation (defence mechanism) that was already
recognizable before the appearance of the vascular
system. In fact, it began in the most primitive forms
of life, as observed in single-celled beings, where,
however, it had a purely nutritive function.
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Obviously, Metchnikoft’s research was part of the
broader issue, namely the nature of the immune
phenomenon (which he also called the “refractory
condition”), which, supported by his own
discoveries, he envisioned as follows:
As soon as it is born, the human being becomes the
habitat of a very abundant microbial flora. The
skin, mucous membranes and digestive system
become pregnant with such flora, although a very
limited part of this has been identified and
described. The oral cavity, stomach, intestines and
genital organs provide a rich pabulum for lower
fungi and bacteria of various species. For a long
time, it was believed that in the healthy individual
all these microorganisms were harmless and
sometimes even useful; and that when an infectious
disease arises, a specific type of microorganism is
added fo the normal bacterial flora. Accurate
bacteriological research has instead shown that, in
reality, the varied vegetation of the healthy subject
already includes representatives of various species
of pathogenic microorganism. Apart from the
diphtheria bacillus and cholera vibrio, which have
been repeatedly found in the virulent form of
perfectly healthy individuals, it has been shown
that certain pathogenic microorganisms, such as
Pneumococcus, Staphylococci, Streptococci and
Bacillus coli, are always, or almost always, found
among the microbial flora of the healthy subject.
Such an observation necessarily led to the
conclusion that, in addition to microorganisms,
there is also a second factor of infectious disease-a
“predisposition” or absence of immunity. An
individual in which one of the above pathogenic
Species is present manifests a permanent or
transient refractory state with regard to a specific
microorganism; and when the cause of this
immunity is lacking, the microorganism is activated
and causes the specific disease.
1t is not necessary to multiply the number of such
examples; they clearly demonstrate that in addition
to the causes of disease that come from the outside
world, there are other causes inherent in the
organism itself. When these internal [defence]
factors weaken, the disease arises, however, if they
adequately resist the invasion, the organism is in a
refractory condition and has immunity.

In addition to phagocytosis, the Russian scholar
would also turn his interest to the epidemiology of
cholera, Typhoid fever and tuberculosis; but in the
final years of his life, he would devote himself to a
completely different problem: the best way to
improve and prolong human life. This led to his
theory of “orthobiosis”, an optimistic conception of
life and death based almost entirely on his own
unshakable faith in Science; in his opinion this was
the only way of pursuing, in the short term, the goal
of “living a happy life until a peaceful death”.
However, all his illusory hopes of seeing this dream
come true were abruptly shattered in 1914 with the
outbreak of World War I. The Russian scholar died
two years later, without seeing its end, just in the days
when the exhausting and bloody battle of the Somme
was being fought in France.

[ RECOMMEDED READING

1. Metchnikoff O. Life of Elie Metchnikoff 1845-1916.
Constable & Co., London (UK), 1921.

2. Elie Metchnikoff (1845-1916), advocate of phagocytosis.
JAMA 1968; 203 (2): 139-141.

3. Ezepchuk YV, Kolybo DV. Nobel laureate Ilya I.
Metchnikoff (1845-1916). Life story and scientific
heritage. Ukr Biochem J. 2016; 88 (6): 98-109.

4. Teti G, Biondo C, Beninati C. The phagocyte, Metchni-
koff, and the foundation of immunology. Microbiol
Spectrum 2016; 4 (2): MCHD-0009-2015. doi:10.1128/
microbiolspec. MCHD-0009-2015

5. Cavaillon JM, Legout S. Centenary of the death of Elie
Metchnikoff: a visionary and an outstanding team leader.
Microbes Infect. 2016 Oct;18(10):577-594. doi: 10.1016/
j-micinf.2016.05.008.

6. Cavaillon JM, Legout S. Duclaux, Chamberland, Roux,
Grancher, and Metchnikoff: the five musketeers of Louis
Pasteur. Genes Immun. 2019 May;20(5):344-356. doi:
10.1038/s41435-019-0064-1.

7. Gordon S. Elie Metchnikoff: father of natural immunity.
Eur J Immunol 2008; 38 (12): 3257-3264.

8.  Elie Metchnikoff (1845-1916), advocate of phagocytosis.
JAMA. 1968; 203 (2): 139-141.

ACKNOWLEDGEMENTS. This article is based on Dr. Bruno
Zanotti’s private correspondence with Dr. Luciano
Sterpellone.

-B1-







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


