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SUMMARY

This paper aims to shed light on Italian contribution to the origins of malaULDK\SRWKHVLVDOVRNQRZQDV+DOGDQHK\SRWKHVLV7KHÀUVWVWXGLHVRQWKH
association between hemoglobinopathies and malaria, in fact, were done
in Italy since the end of the 1920s. These studies tried to explain the correlation between malaria and thalassemia observed by clinicians in various
Italian regions. Later, since the beginning of the 1940s, this singular correlation was documented by thorough and wide-ranging epidemiological
researches that revealed a strong geographic correspondence between the
frequency of the thalassemic features and endemic malaria in Italy. These
researches raised clearly the question of maintaining the frequency of a
JHQHWKDWDWWKHWLPHGRRPHGKRPR]\JRWHVWRGHDWKZLWKLQWKHÀUVWWZR
years of life. In 1948, Silvestroni, Bianco and Montalenti started investigating the causes of the persistence of the thalassemic foci in Italy. In 1949
-%6+DOGDQHÀQDOO\K\SRWKLVHGIRUWKHÀUVWWLPHDQHYROXWLRQDU\DGYDQtage of thalassemic condition due to the concomitant presence of malarial
infection. Since 1948, Montalenti and Haldane had various occasions to
discuss on this topic. I try to demonstrate the role of Silvestroni, Bianco and
Montalenti’s research and data on the formation of Haldane hyphothesis.

Introduction
,Q $QWKRQ\$OOLVRQ¶V UHVHDUFK RQ VLFNOH FHOO DQHPLD LQ (DVW
$IULFDGHPRQVWUDWHGIRUWKH¿UVWWLPHWKDWDVSHFL¿FKXPDQGLVHDVH
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can have a selective role in evolution and, therefore, can modify the
genetic composition of a population by favouring certain genotypes
rather than others.
+RZHYHU WKH ÀUVW VWXGLHV RQ WKH DVVRFLDWLRQ EHWZHHQ KHPRJOREinopathies and malaria were done in Italy long before Allison’s
research. These studies tried to determine both the possible origin
of the high frequency of thalassemia in certain malarial areas of the
country, and whether its cause could be, as hypothesized by J.B.S.
Haldane in 19492, an advantage of thalassemic condition due to the
concomitant presence of malarial infection.
7KHVWRU\RIWKHRULJLQRI´PDODULDK\SRWKHVLVµDOVRNQRZQDVWKH
“Haldane hypothesis,” has been pieced together by several authors3.
However, in these reconstructions there is no trace of the fundamental premises of the hypothesis of a causal relationship between
malaria and thalassemia, from the standpoint of the epidemiological
observations and researches carried out in Italy since the end of the
1920s. This historiographic void is mostly due to the fact that this
research was published only in Italian, in Italian journals poorly read
abroad. Incidentally, this is also the reason why the important Italian
contribution to the discovery of the genetics of thalassemia is so
widely ignored4.
1. Early observations on the association between malaria and thalassemia
7KHSUREOHPRIWKHOLQNVEHWZHHQ&RROH\·VDQHPLDDQGPDODULDZDV
discussed in Italian medical literature since the end of the 1920s.
Different studies considered the possibility that malaria was an etiological factor for thalassemia, as it was recognized that a particuODUO\KLJKIUHTXHQF\RIFDVHVRI0HGLWHUUDQHDQDQHPLDH[LVWHGLQD
number of malarial zones in families affected by Cooley’s anemia5.
7KHVH FRLQFLGHQFHV ZHUH FRQÀUPHG E\ VXEVHTXHQW REVHUYDWLRQV
pointing to the presence or the frequency of the disease in malarial
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zones6RUWKHH[LVWHQFHRIWKDODVVHPLFIRFLLQ,WDO\ 6LFLO\6DUGLQLD
Ferrara area, Puglia) corresponding to endemic malaria zones7.
$QHYHQPRUHVLJQLÀFDQWIDFWZDVWKHH[DFWORFDOL]DWLRQRI&RROH\·V
anemia in intensely malarial zones such as Sardinia, in which the
frequency of Cooley’s disease was very high in the malarial coastal
areas and practically absent in the non malarial internal mountainous zones8:RUNLQJDWWKHSHGLDWULFFOLQLFRI&DJOLDUL8QLYHUVLW\
Cadeddu collected a large number of case histories from all over
Sardinia and systematically analysed all the relevant environmental
variables:
in the entire mountain area of the island – he wrote – in which malaria
occurs sporadically there is an absence of observations except for one
observation from Macomer but due to the family community moving there
from a malarial zone. [...] The towns from which our cases have been
drawn almost all have an altitude of less than 100 m. above sea level9.

The hypotheses about the relationship between malaria and
thalassemia put forward by clinical practitioners who had observed
WKHJHRJUDSKLFOLQNVEHWZHHQWKHPUHPDLQHGUHVWULFWHGWRWKHPHGLFDO
GRPDLQWKDWLVDWWKHOHYHORISDWKRJHQHWLFH[SODQDWLRQ3K\VLFLDQV
KDG WRR OLWWOH NQRZOHGJH RI JHQHWLFV DQG HYROXWLRQDU\ ELRORJ\ WR
DOORZWKRVHZRUNLQJLQDFOLQLFDOHQYLURQPHQWWRHODERUDWHLQWHUSUHWDWLRQVFDSDEOHRIIRFXVVLQJRQWKHOLQNVEHWZHHQDSRSXODWLRQ·VJHQH
pool and selective pressures.
)XUWKHUPRUHWKHK\SRWKHVLVRIDGLUHFWHWLRORJ\UHJDUGLQJWKHH[SODQDWLRQRIWKHOLQNVEHWZHHQPDODULDDQGWKDODVVHPLDZDVTXLWHZHDN
though the most widespread at that time. It had to come to terms with
a series of other anomalies pointed out by Gino Frontali and F. Rasi
ZRUNLQJDWWKHSHGLDWULFVFOLQLFRI3DGXD8QLYHUVLW\10: 1) the absence
of thalassemia in populations with a high incidence of malaria; 2)
FRQYHUVHO\WKHH[LVWHQFHRIFDVHVRI0HGLWHUUDQHDQDQHPLDXQUHODWHG WR DQ\ PDODULDO LQÁXHQFH   WKH LQHIÀFDF\ RI DQWLPDODULDO
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therapy observed by many clinicians11. Marino Ortolani, director of
the Ferrara Provincial Institute for Childhood pointed out that the
hypothesis of direct malarial etiology was based on a body of case
histories collected through a systematic diagnostic error that led to
a series of obvious cases of malaria being listed as Cooley’s anemia
and for this reason apparently sensitive to quinine therapy12.
In 1929 Giovanni Careddu suggested an interesting indirect action
by malaria on the germ cells of the parents that was capable
of leading to an alteration of the hemopoietic and osteogenetic
mesenchyma13. Federico Vecchio, at the pediatric clinic of Naples
8QLYHUVLW\LQPDGHH[SOLFLWUHIHUHQFHWRJHUPSODVPDPXWDWLRQUHIHUULQJWR+HUPDQQ0XOOHU·VH[SHULPHQWVZLWKUDGLDWLRQVDQG
WKH UHFHQW DW WKH WLPH  GHPRQVWUDWLRQ WKDW WKHUPDO VKRFN VHHPHG
capable of producing genetic mutations14. It was postulated that gene
variation indeed emerged as a consequence of “a direct action of
malarial parasitism carried out by the repetition, especially in the
SUHTXLQLQHHUDRIFRPSDUDWLYHO\YLROHQWWKHUPDOVKRFNV15”. In the
OLJKWRIWKHJURZLQJHYLGHQFHWKDWWKDODVVHPLDZDVQRWH[FOXVLYHO\
a Mediterranean disease, but one of the most widespread hereditary diseases in the world, Vecchio claimed that the cause should be
VRXJKWLQWKHH[SRVXUH´RIVHYHUDOHWKQLFJURXSVWRJLYHQHQYLURQmental factors”16, rather than in a given genotypic constitution of the
populations affected.
6RPHH[SODQDWLRQVUHOLHGRQDVWURQJODPDUFNLDQSRLQWRIYLHZ,Q
0LFKHOH%XIDQRDFWXDOO\FRQVLGHUHGWKHOLQNEHWZHHQPDODULD
and thalassemia a case of inheritance of acquired characters. He postulated that malaria produced a series of pathological transformations
of the bone marrow capable of being transmitted to the offspring and
giving rise to the clinical symptoms of Cooley’s anemia. On the other
hand, in a long discussion in Clinica Pediatrica, Renato Pachioli, a
lecturer at Bologna University, suggested viewing Cooley’s anemia
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also as a hereditary transmissible malarial hemodystrophy originating from a mutation somehow induced by malaria17.
Pachioli claimed that this hypothesis would allow a single interpreWDWLYHPRGHOWREHXVHGWRH[SODLQWKHDSSDUHQWO\KHUHGLWDU\QDWXUH
of Mediterranean anemia and the singular similarity between several
fundamental parts of the pathogenetic processes in malaria and in
Cooley’s anemia, in particular the alterations of erythropoiesis. The
H[SODQDWRU\ K\SRWKHVLV ZDV WKXV FRQVWUXFWHG E\ OLQNLQJ WRJHWKHU
several early speculations on the genetic determinisms of Cooley’s
anemia with a series of pathological data. On the one hand, there was
the idea put forward by Heinrich Lehndorff in 1936 that Cooley’s
anemia is the effect of a genetic mutation following which the erythroblastic system becomes incapable of producing mature red corpuscles18. On the other, the (incorrect) observations made above all by
Virgilio Chini, seemed to show that malarial infection electively
damaged the hemopoietic system and that this was somehow transmitted to the offspring, thus determining bone lesions that could be
OLNHQHGWRWKHSDWKRJQRPRQLFOHVLRQVRI&RROH\·VDQHPLD7KLVLGHD
however allowed Pachioli to claim that the eradication of malaria
would lead to a gradual reduction in the frequency of the thalassemic
gene:
the causal relations, although indirect, between malaria and Cooley’s anemia [...] allow it to be envisaged that the rehabilitation of malaria-infested
zones can, in the course of generations, lead to the gradual exhaustion of
this morbid hereditary defect19.

$OWKRXJK LQ D FRPSOHWHO\ QHEXORXV DQG VSHFXODWLYH H[SODQDWRU\
IUDPHZRUN&HVDUH&RFFKLSXWIRUZDUGWKHK\SRWKHVLVWKDW&RROH\·V
DQHPLDMXVWOLNHIDYLVPUHSUHVHQWHGDGHIHQVLYHSURFHVVW\SLFDORI
VXEMHFWVLQSRSXODWLRQVWKDWKDGEHHQH[SRVHGDWOHQJWKWRPDODULD20.
The idea was that
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Cooley’s anemia, with its clinical and pathological features, can manifest
itself only in subjects prepared by a broad malarial inheritance in the sense
WKDW LW UHSUHVHQWV D SDUWLFXODU UHDFWLRQ RI  HQKDQFHG GHIHQFH LQVWHDG RI
LQFUHDVHGYXOQHUDELOLW\ :KDW,PHDQLVWKDWLWLVSRVVLEOHWRLPDJLQHWKDW
WKHVDPHPRUELGFDXVH WR[LFLQIHFWLRXVRUGXHWRGHÀFLHQF\ GHWHUPLQHVWKLV
disease, in that particular way, only in subjects that have malarial forebears,
DQG DUH WKXV EHWWHU SURWHFWHG ZH NQRZ WKH\ DUH EHWWHU SURWHFWHG DJDLQVW
PDODULDLWVHOIWKDQDVXEMHFWZKRLVQRWDGHVFHQGDQWRIPDODULDOSDWLHQWV 
better prepared to defend themselves against all hemolizing action21.

On the basis of Cocchi’s hypothesis, in 1943 Marino Ortolani carried
out research
on the immune state regarding malarial infection in subjects, some of whom
present the classic Cooley type anemia symptoms and others affected by
erythroleukemic myelosis with or without hyperhemolysis22.

2UWRODQLUHSHDWHGO\WULHGWRJUDIWWKH´SODVPRGLXPYLYD[µLQWRVRPH
SDWLHQWV E\ LQRFXODWLQJ WKHP ZLWK EORRG WDNHQ IURP VROGLHUV IURP
WKH *UHHN$OEDQLDQ IURQW VXIIHULQJ IURP PDODULD :LWKRXW VWDWLQJ
the number of cases precisely, he reported having failed to infect
WKH VXEMHFWV LQYROYHG LQ WKH UHVHDUFK 0DODULDO SDWLHQWV ODFNHG WKH
clinical signs of malaria, while the search for parasites in the blood
was always negative, even after spleen contraction as well as the
VHDUFKYLDPHGXOODU\DQGVSOHHQSXQFWXUH7KHRQO\H[FHSWLRQZDV
a 10 year old girl who, after being subjected to a cycle of 4 inoculations over four months of blood that was particularly rich in parasites drawn from four malaria patients, developed malaria two years
later, displaying clinical symptoms and showing the presence of the
benign tertiary plasmodium. The author also reported the case of a
baby with Cooley’s anemia who died about two months after being
inoculated with infected blood and who tested negative for the plasPRGLXPHYHQRQDXWRSV\YLDERQHPDUURZH[DPLQDWLRQ23.
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,QKLVFRPPHQWRQWKHVHUHVXOWV2UWRODQLH[SOLFLWO\FLWHGWKHSDVVDJH
IURP&RFFKL·VZRUNPHQWLRQHGDERYHWKHQFODLPLQJWKDWKLVVWXG\
seemed to support the hypothesis that Cooley’s anemia ought to be
considered as a hereditary form of defence against malaria that develRSHGWKURXJKORQJH[SRVXUHRIFHUWDLQSRSXODWLRQVWRWKHLQIHFWLRQ24.
$OWKRXJKXQV\VWHPDWLFDQGHWKLFDOO\GXELRXV2UWRODQL·VH[SHULPHQW
WDNHVRQDQH[FHSWLRQDOKLVWRULFDOYDOXHDVLWSUHFHGHGE\WHQ\HDUV
$OOLVRQ·V ZRUN GHPRQVWUDWLQJ WKH JUHDWHU UHVLVWDQFH RI VLFNOH FHOO
anemia patients to malarial infection25. For reasons that we shall try
WRXQGHUVWDQGLQWKHIROORZLQJ2UWRODQL·VH[SHULPHQWZDVQRWUHSOLcated even in Italy.
7KHDEVHQFHRIDQ\FRQVLVWHQWFODVVLÀFDWLRQRIWKHSDWKRJHQHWLFPHFKanisms of thalassemia as a function of the etiology and pathogenesis
of malarial infection materially stood in the way of any emerging
hypothesis that malaria could represent a selective factor capable
of favouring a mutation of the erythropoietic system. Moreover,
WKHUHZDVQRH[DFWRYHUODSSLQJRIWKHPDODULDO]RQHVZLWKWKH]RQHV
with a high frequency of Cooley’s anemia or the microcythemic
WUDLW5HSRUWHGH[FHSWLRQVZHUHWKH5RPHUXUDODUHDDQGWKH7XVFDQ
Maremma, which for centuries had been intensely malarial but characterized by a low incidence of Mediterranean anemia and microcythemia. In his introduction to the course of medical pathology and
clinical methodology at Bari University, Virgilio Chini26, one of the
JUHDWHVW,WDOLDQH[SHUWVLQ0HGLWHUUDQHDQDQHPLDRIWKHWLPHSRVWXODWHGWKDWWKHDEVHQFHRIDQ\OLQNEHWZHHQWKHGLVWULEXWLRQRIPDODULD
and that of Cooley’s anemia could be accounted for by biological
difference among the types of malaria distributed through the various
different geographic regions. The same year, Chini reported certain
VLPLODULWLHV LQ WKH UDGLRORJLFDO H[DPLQDWLRQV RI  RI KLV PDODULD
patients with those observed in Cooley’s anemia27.
In 1941, Franco Toscano reported a geographic correspondence
between malaria and Rietti-Greppi-Micheli disease, or thalassemia
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LQWHUPHGLDSRVWXODWLQJDOLQNZLWKDVLQJOHHWLRSDWKRJHQHVLVGHULYLQJ
from an ancestral malaria28.
Again with reference to the malarial hypothesis, two obvious theoretical anomalies were pointed out: the relatively small number
of Cooley’s patients also in the more intensely malarial zones and
the fact that not all the offspring of chronic malarial patients were
affected by Mediterranean anemia. Still, some researchers, such as
Paradiso29, believed that the fact that Cooley’s anemia was found in
non malarial zones did not rule out the possibility that malaria might
be part of the more or less remote ancestry of these patients.
2. The Italian contribution to the knowledge of thalassemia genetics and epidemiology
Halfway through the 1940s, Italian and US physicians independently
demonstrated the mechanism of inheritance of thalassemia. In 1943,
(]LR6LOYHVWURQLDQG,GD%LDQFRDWWKHWLPHZRUNLQJDWWKH,VWLWXWR
di Clinica Medica of the University of Rome, described an inborn
and hereditary hematological anomaly in healthy people that they
subsequently called microcythemia30. At the same time, Silvestroni
and Bianco showed the genetic relationship between thalassemia and
microcythemia, studying several people with Cooley’s anemia31. At
the end of these investigations, Silvestroni and Bianco documented
the Mendelian inheritance of microcythemia as the heterozygous
condition, and the homozygous condition in Cooley’s disease32. These
UHVXOWVFRQÀUPHGWKHHYLGHQFHREWDLQHGLQVLPLODUVWXGLHVFRQGXFWHG
LQ 86$ E\ 'DPHVKHN33, and especially by William Valentine and
James Neel at the University of Rochester34. Literature on the history
RIWKDODVVHPLDZLWKWKHZRUNVRI'DYLG:HDWKHUDOO35DQG0D[ZHOO
Wintrobe36LQWKHIRUHIURQWKDVH[WHQVLYHO\GRFXPHQWHGWKHFRQWULEXWLRQPDGHE\86UHVHDUFKEXWGLVSOD\VRQO\DSDUWLDONQRZOHGJH
of the research and debate on the genetics of Cooley’s disease that
developed in Italy since the 1920s37.
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Silvestroni and Bianco carried out a series of epidemiological studies
all over Italy38XVLQJDVSHFLÀFPHWKRGWRGHWHFWWKHPLFURF\WKHPLF
trait through the reduction of globular fragility39. The results of the
research, which by 1950 had involved some 50,000 persons, enabled
WKHWZRWRPDSIRUWKHÀUVWWLPHHYHUWKHGLVHDVH·VGLVWULEXWLRQIRU
a whole country. This distribution revealed a peculiar epidemioORJLFDOSURÀOHZLWKQXPHURXVPLFURF\WKHPLFIRFLVFDWWHUHGDOORYHU
the country, particularly in the areas of the Po Delta, Sardinia and
6LFLO\ZKHUHWKHLQFLGHQFHRIFDUULHUVH[FHHGHGRIWKHSRSXODtion. The map revealed a strong geographic correspondence between
the frequency of the thalassemic features and endemic malaria. This
singular correlation, which had already been observed by clinicians,
was now documented by thorough and wide-ranging epidemiological
research, thus raising even more clearly the question of maintaining
the frequency of a gene that, at the time, doomed homozygotes to
GHDWKZLWKLQWKHÀUVWWZR\HDUVRIOLIH
3. Collaboration of Silvestroni and Bianco with Montalenti and the
formulation of Haldane hypothesis
,Q6LOYHVWURQLDQG%LDQFRPDGHWKHÀUVWDUUDQJHPHQWVLQRUGHUWR
collaborate with the Institute of Genetics of Naples University, directed
by Giuseppe Montalenti40,WKDGEHHQWKHODFNRIDSSUHFLDWLRQDQGWKH
criticisms displayed by the medical community towards the genetic
DVSHFWVRIWKHLUZRUNWKDWOHGWKHWZRFOLQLFDOSDWKRORJLVWVWRVHHNWKH
VXSSRUWRIWKHPRVWDXWKRULWDWLYH,WDOLDQVSHFLDOLVWLQWKHÀHOG
Montalenti advised the two researchers to primarily investigate the
causes of the persistence of the microcythemic foci, in spite of the
negative selection of the thalassemic genes due to the fact that the
homozygotes could not reproduce. Montalenti also suggested studying
VHYHUDOZHOONQRZQ0HQGHOLDQWUDLWVLQWKHSRSXODWLRQVLQYHVWLJDWHG
by the two clinicians, such as sensitivity to phenylthiocarbamide, and
DOVRWRFKHFNDQ\SRVVLEOHOLQNZLWKWKHPLFURF\WKHPLFWUDLW41.
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At the VIII International Genetics Congress held on 7 - 14 July
 LQ 6WRFNKROP 0RQWDOHQWL SUHVHQWHG D WDON RQ GLVWULEXWLRQ RI
thalassemia in Italy based on the epidemiological data collected by
Silvestroni and Bianco42,QWKHUHSRUWKHUHDVRQHGDERXWWKHH[LVWHQFHRIVWLOOXQNQRZQHQYLURQPHQWDOIDFWRUVFDSDEOHWRFRXQWHUDFW
the strong selective disadvantage of this hemoglobinopathy.
At the same congress, as reported by the Proceedings, John Haldane
IRUWKHÀUVWWLPHSXWIRUZDUGWKHPDODULDK\SRWKHVLV
While discussing the problem of the mutation rate in man with reference
to Neel and Valentine’s studies on thalassemia – namely, the hypothesis
advanced in 1947 by the two US geneticists that in order to maintain
such a high frequency the mutation rate should have been 1/2,500, and
that this rate might have an ethnic basis - Haldane considered the rate to
EHWRRKLJKDQGEULHÁ\VWDWHGWKDW´WKHSRVVLELOLW\WKDWWKHKHWHUR]\JRWH
LVÀWWHUWKDQWKHQRUPDOPXVWEHVHULRXVO\FRQVLGHUHGµDQGWKDW
it is at least conceivable that they are also more resistant to attacks by
the sporozoa which cause malaria, a disease prevalent in Italy, Sicily and
Greece, where the gene is frequent43.

The Haldane hypothesis stood out as an obvious alternative once it
could be ruled out that polymorphism was due to a ‘special’ mutation rate.
Yet, some evidences cast some doubts as to whether Haldane got the
LGHDEHIRUHWKH6WRFNKROPFRQJUHVVRUZKLOHDWWHQGLQJLW
-XVW D FRXSOH RI ZHHNV DIWHU 6WRFNKROP FRQJUHVV RQ -XO\ st august 2nd, Haldane met Montalenti at Pallanza, near Milan, on the
occasion of a Symposium on the ecological and genetic factors of
animal speciation, organized by Adriano Buzzati Traverso in the
biophysics section he directed at the Physiopathology Study Centre
of the National Research Council. In this forum Haldane presented
DUHSRUWRQWKHOLQNVEHWZHHQGLVHDVHDQGHYROXWLRQZKLFKPRVWO\
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hinged on the role of diseases and infectious agents as factors of
selection and thus of evolutionary change44.
In the discussion that followed, Montalenti pointed to Haldane the
case of thalassemia, studied by Silvestroni and Bianco. In this case,
Montalenti said: “a lethal gene in homozygotic condition is so diffuse
in heterozygous state in several Italian regions that we have to admit
it confers an advantage for the carriers45”.
Montalenti then added an important thing for the reconstruction of
the origin of malaria hypothesis:
Since some researches seem to demonstrate that this gene is more diffuse
in malarial zones, Haldane suggested in a verbal communication that
microcythemics could be more resistant to malaria infection46.

Haldane agreed with Montalenti, adding that the advantage of the
microcythemic heterozygote could also derive from an enhanced
FDSDFLW\ IRU LURQ DEVRUSWLRQ LQ SRSXODWLRQV ZLWK GLHWDU\ GHÀFLW RI
this element.
This Haldane’s report was published by the Italian review La Ricerca
6FLHQWLÀFD, and titled “Disease and Evolution”. It is the most frequently
FLWHG DV WKH RQH ZKHUH WKH PDODULD K\SRWKHVLV ZDV ÀUVW IRUPXODWHG
HYHQWKRXJKLQWKDWFRQWH[WLWZDVDFWXDOO\0RQWDOHQWLDQGQRW+DOGDQH
WRÀUVWVXJJHVWWKHOLQNEHWZHHQWKDODVVHPLDDQGPDODULD
Joshua Lederberg later noted that in this paper Haldane did not refer
directly to the relationship between thalassemia and malaria and
that a generic role of evolution in modifying genetic resistance to
LQIHFWLRXVGLVHDVHLQFURSVVXFKDVZKHDWZDVORQJNQRZQEHIRUH
Haldane47.
On the basis of the reading of Disease and evolution, Allison
gave credit to Montalenti for suggesting the malaria hypothesis to
Haldane48, but Krishna Dronamraju have recently ruled out this
possibility using two arguments49ÀUVW´LWZDV0RQWDOHQWLKLPVHOI

837

Stefano Canali

who stated that Haldane communicated the idea to him”; second:
“Haldane had already discussed his hypothesis at the International
*HQHWLFV &RQJUHVV LQ 6WRFNKROP LQ  long before the Milan
symposium50” (emphasis added).
:HDWKHUDOOKDGDOUHDG\XVHGWKLVVHFRQGDUJXPHQWLQLQDERRN
edited by Dronamraju himself51.
2QWKHFRQWUDU\WKHODSVHRIWLPHEHWZHHQ6WRFNKROPDQG3DOODQ]D
LVYHU\VKRUW MXVWWZRZHHNV DQGWKLVFRXOGEHYHU\LPSRUWDQWWR
understand the origins of malaria hypothesis. In fact, Dronamraju
and Weatherall’s thesis is not documented, in the sense that it must in
any case be demonstrated that the address published in the proceedLQJV RI WKH 6WRFNKROP &RQJUHVV FRUUHVSRQGV WR WKH RQH SXEOLFO\
delivered at the Congress.
Some doubts as to whether Haldane got the idea before Pallanza seem
to emerge from the fact that in the article Disease and Evolution he
GRHVQRWSURSRVHWKHH[DPSOH:K\",IKHKDGDOUHDG\SUHVHQWHGLWLQ
6WRFNKROPZKHUH0RQWDOHQWLZDVDOVRSUHVHQWZK\GLGKHQRWWDON
about it again in Italy? And why Montalenti had to remind him of it?
However, Montalenti himself recognized that Haldane communicated malaria hypothesis to him. In their correspondence found in the
Montalenti Archive there is no clear trace of this idea52. Montalenti
wrote to Haldane in 1948 about a paper that Montalenti, Silvestroni
and Bianco were writing in that period and that appeared in Nature
in 195053ZLWKDFNQRZOHGJHPHQWVWR+DOGDQHIRUDVFKHPHFDOFXODtion. The paper suggested that mating between thalassemia heterozygotes produced more children than did other mating. Lederberg also
revealed that, in a letter found by Dronamraju, Haldane added some
H[WHQVLYH DQG DOPRVW LOOHJLEOH  DOJHEUD VKRZLQJ WKDW WKH IHUWLOLW\
of this mating would have to be at least twice that of the others to
yield a stable equilibrium, contrary to the data54. But malaria is not
mentioned in any of these and the positive selective value of the
heterozygous condition was found inconsistent with data about the
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average age of death of microcythemics in comparison with nonmicrocythemic individuals.
Consequently, Haldane should have suggested this only by word of
PRXWKSUHVXPDEO\DW6WRFNKROPRUDW3DOODQ]DGXULQJWKHVXPPHU
of 1948.
Could it not be that, after a discussion with Montalenti, the Italian
KDYLQJ WKH PRVW H[WHQVLYH GDWD DERXW WKH PDODULD K\SRWKHVLV DW
WKH WLPH +DOGDQH PRGLÀHG WKH ZULWWHQ WH[W RI KLV DGGUHVV WR WKH
6WRFNKROP &RQJUHVV LQFOXGLQJ WKH K\SRWKHVLV RI KHWHUR]\JRXV
advantage vis-à-vis malarial infection? The question may be solved
only by documentary evidence concerning what Haldane actually
VDLGLQKLVUHSRUWWRWKH6WRFNKROP&RQJUHVV
Anyway, it seems certain that Haldane, and not Montalenti, was
WKHÀUVWWRUHFRJQL]HWKHULJKWSHUVSHFWLYHWRIUDPHWKHFRUUHODWLRQ
between thalassemia and malaria diffusion in Italy. Years after the
ÀUVW IRUPXODWLRQ RI PDODULD K\SRWKHVLV 0RQWDOHQWL FRQWLQXHG WR
H[SUHVVGRXEWVUHJDUGLQJWKHLGHDRIDSRVVLEOHKHWHUR]\JRXVDGYDQtage, even on the basis of the strong evidence from the more and
PRUHH[WHQVLYH6LOYHVWURQLDQG%LDQFR·VUHVHDUFKHV55.
In 1953, at Bellagio, on the occasion of the IX International Genetics
Congress, in presenting a long report on microcythemia genetics based
RQ6LOYHVWURQLDQG%LDQFR·VUHVHDUFK0RQWDOHQWLFRQWLQXHGWRH[SUHVV
doubts regarding the idea of a possible heterozygote advantage56. The
ÀUVWUHDVRQZDVWKHSDUWLDORYHUODSLQ,WDO\RIWKHHSLGHPLRORJLFDOPDS
of microcythemia and malaria distribution: a point, as we have already
seen, considered central by clinicians in order to refute the hypothesis
RISRVVLEOHOLQNVEHWZHHQPDODULDDQG&RROH\·VDQHPLD$QRWKHUSRLQW
DJDLQVWWKHK\SRWKHVLVZDVWKHWRWDODEVHQFHRIDQ\FDXVDOH[SODQDWLRQ OLQNLQJ WKH PLFURF\WKHPLF JHQH WR WKH LQFUHDVHG UHVLVWDQFH WR
malarial infection. Insights of the possible heterozygote advantage in
this sense could be provided at the level of macroscopic functions.
Yet, it was practically impossible to identify any peculiar traits of the
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heterozygote that may yield a selective advantage. Furthermore, this
opinion was shared at the time by Neel who wrote that:
LQ RXU RZQ H[SHULHQFH 9DOHQWLQH DQG 1HHO   LQGLYLGXDOV ZLWK WKDlassemia minor have averaged two grams of hemoglobin less than normal
persons. While there is undoubtedly a large margin of safety in normal
KHPDWRORJLFDOSK\VLRORJ\LWLVGLIÀFXOWWRVHHKRZVXFKDGHSDUWXUHIURP
the norm can per se be of adaptive value to the organism. The possibility
remains that the hematological trait is linked to some yet unrecognised
characteristic of distinct value57.

Conclusions
As soon as J.B.S. Haldane put forward the hypothesis that the distribution of thalassemia in Italy was the result of a thalassemic heterozygous advantage, Montalenti started and coordinated a wide, long
ODVWLQJ DQG FRPSOH[ UHVHDUFK SURJUDPPH HYHQ WKDQNV WR IXQGLQJ
IURP WKH 5RFNHIHOOHU )RXQGDWLRQ7KH GLUHFWLRQV KH FKRVH DQG WKH
inferences he drew from the development of that programme from
)LIWLHVWRWKH6L[WLHVGHPRQVWUDWHGWKDWKHZDVORRNLQJIRUWKHGHÀQLtive proof to believe in malaria hypothesis, quantifying the many
variables involved, so that the advantage of the thalassemic traits
FDUULHUV DQG WKH H[DFW GLPHQVLRQV RI WKLV EDODQFHG SRO\PRUSKLVP
could be determined. Several theoretical and methodological factors
made this objective impossible to achieve at the time58.
7KHUHVXOWVRIWKDWSURJUDPPHFDQQRWEHFRQVLGHUHGDVGH¿QLWLYHSURRI
that the thalassemic trait provides protection from malaria, above
all because of the epidemiologically and genetically complex signs
displayed by thalassemia. Nevertheless, by means of this research a
huge quantity of data was obtained, collected and analysed, and the
cognitive and politico-cultural presuppositions were created for the
anti-thalassemia campaign launched in Italy in the second half of the
VWKH¿UVWQDWLRQDODQWLWKDODVVHPLDFDPSDLJQHYHUUHDOL]HGLQ
the world.
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