
827

Journal of History of Medicine

Articoli/Articles

Key words: Thalassemia - Malaria - J.B.S. Haldane - Natural Selection

RESEARCHES ON THALASSEMIA AND MALARIA IN ITALY 
AND THE ORIGINS OF THE “HALDANE HYPOTHESIS”

STEFANO CANALI
Scuola Internazionale di Studi Superiori Avanzati, Sissa, Trieste, I

SUMMARY

This paper aims to shed light on Italian contribution to the origins of mala-

association between hemoglobinopathies and malaria, in fact, were done 
in Italy since the end of the 1920s. These studies tried to explain the corre-
lation between malaria and thalassemia observed by clinicians in various 
Italian regions. Later, since the beginning of the 1940s, this singular cor-
relation 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 

years of life. In 1948, Silvestroni, Bianco and Montalenti started investiga-
ting the causes of the persistence of the thalassemic foci in Italy. In 1949 

-
tage 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
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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 .

-
inopathies 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.

“Haldane hypothesis,” has been pieced together by several authors3. 
However, in these reconstructions there is no trace of the funda-
mental 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 tha-
lassemia

discussed in Italian medical literature since the end of the 1920s. 
Different studies considered the possibility that malaria was an etio-
logical factor for thalassemia, as it was recognized that a particu-

number of malarial zones in families affected by Cooley’s anemia5. 

pointing to the presence or the frequency of the disease in malarial 
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zones6

Ferrara area, Puglia) corresponding to endemic malaria zones7.

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 moun-
tainous zones8

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 

-

pool and selective pressures.
-

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 

10: 1) the absence 
of thalassemia in populations with a high incidence of malaria; 2) 

-
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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 

-

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 

15”. In the 

a Mediterranean disease, but one of the most widespread heredi-
tary diseases in the world, Vecchio claimed that the cause should be 

-
mental factors”16, rather than in a given genotypic constitution of the 
populations affected.

and thalassemia a case of inheritance of acquired characters. He postu-
lated 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 origi-
nating from a mutation somehow induced by malaria17. 
Pachioli claimed that this hypothesis would allow a single interpre-

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 

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 eryth-
roblastic system becomes incapable of producing mature red corpus-
cles18. 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 trans-
mitted to the offspring, thus determining bone lesions that could be 

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 ane-
mia [...] 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.

20. 
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 

disease, in that particular way, only in subjects that have malarial forebears, 

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.

the number of cases precisely, he reported having failed to infect 

clinical signs of malaria, while the search for parasites in the blood 
was always negative, even after spleen contraction as well as the 

a 10 year old girl who, after being subjected to a cycle of 4 inocula-
tions over four months of blood that was particularly rich in para-
sites 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 plas-

23.
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seemed to support the hypothesis that Cooley’s anemia ought to be 
considered as a hereditary form of defence against malaria that devel-

24. 

anemia patients to malarial infection25. For reasons that we shall try 
-

cated even in Italy.
-

anisms 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, 

with a high frequency of Cooley’s anemia or the microcythemic 

Maremma, which for centuries had been intensely malarial but char-
acterized by a low incidence of Mediterranean anemia and micro-
cythemia. In his introduction to the course of medical pathology and 
clinical methodology at Bari University, Virgilio Chini26, one of the 

-

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 

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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from an ancestral malaria28.
Again with reference to the malarial hypothesis, two obvious theo-
retical 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 geneti-
cs and epidemiology 
Halfway through the 1940s, Italian and US physicians independently 
demonstrated the mechanism of inheritance of thalassemia. In 1943, 

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 

33, and especially by William Valentine and 
James Neel at the University of Rochester34. Literature on the history 

35

Wintrobe36 -

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 Italy38

trait through the reduction of globular fragility39. The results of the 
research, which by 1950 had involved some 50,000 persons, enabled 

a whole country. This distribution revealed a peculiar epidemio-

the country, particularly in the areas of the Po Delta, Sardinia and 
-

tion. 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 

3. Collaboration of Silvestroni and Bianco with Montalenti and the 
formulation of Haldane hypothesis 

collaborate with the Institute of Genetics of Naples University, directed 
by Giuseppe Montalenti40

criticisms displayed by the medical community towards the genetic 

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 

by the two clinicians, such as sensitivity to phenylthiocarbamide, and 
41.
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At the VIII International Genetics Congress held on 7 - 14 July 

thalassemia in Italy based on the epidemiological data collected by 
Silvestroni and Bianco42 -

the strong selective disadvantage of this hemoglobinopathy.
At the same congress, as reported by the Proceedings, John Haldane 

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 

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’ muta-
tion rate.
Yet, some evidences cast some doubts as to whether Haldane got the 

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 
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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 

this element.
This Haldane’s report was published by the Italian review La Ricerca 

, and titled “Disease and Evolution”. It is the most frequently 

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 

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 arguments49
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who stated that Haldane communicated the idea to him”; second: 
“Haldane had already discussed his hypothesis at the International 

long before the Milan 
symposium50” (emphasis added).

edited by Dronamraju himself51.

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 proceed-

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 

about it again in Italy? And why Montalenti had to remind him of it?
However, Montalenti himself recognized that Haldane communi-
cated 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 195053 -
tion. The paper suggested that mating between thalassemia heterozy-
gotes produced more children than did other mating. Lederberg also 
revealed that, in a letter found by Dronamraju, Haldane added some 

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 non-
microcythemic individuals.
Consequently, Haldane should have suggested this only by word of 

of 1948.
Could it not be that, after a discussion with Montalenti, the Italian 

advantage vis-à-vis malarial infection? The question may be solved 
only by documentary evidence  concerning what Haldane actually 

Anyway, it seems certain that Haldane, and not Montalenti, was 

between thalassemia and malaria diffusion in Italy. Years after the 

-
tage, even on the basis of the strong evidence from the more and 

55.
In 1953, at Bellagio, on the occasion of the IX International Genetics 
Congress, in presenting a long report on microcythemia genetics based 

doubts regarding the idea of a possible heterozygote advantage56. The 

of microcythemia and malaria distribution: a point, as we have already 
seen, considered central by clinicians in order to refute the hypothesis 

-

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:

-
lassemia minor have averaged two grams of hemoglobin less than normal 
persons. While there is undoubtedly a large margin of safety in normal 

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 distri-
bution of thalassemia in Italy was the result of a thalassemic hetero-
zygous advantage, Montalenti started and coordinated a wide, long 

inferences he drew from the development of that programme from 
-

tive proof to believe in malaria hypothesis, quantifying the many 
variables involved, so that the advantage of the thalassemic traits 

could be determined. Several theoretical and methodological factors 
made this objective impossible to achieve at the time58.

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 

the world .



Thalassemia, Malaria and the Haldane Hypothesis

841

BIBLIOGRAPHY AND NOTES

helpful indications on history of malaria in Italy and critical reading of this paper.
-

dicine at University College London for the hospitality in the Summer of 2002 
and in 2003, for his research on history of thalassemia.

ALLISON A.C., Protection afforded by sickle-cell trait against subtertian 
malarial infection. British Medical Journal, 1954; 1: 290-94.
HALDANE J.B.S., The rate of mutation of human genes. Proceedings VIIIth 

Suppl.: 267-272. HALDANE J.B.S., Disease and evolution. Symposium 
sui fattori ecologici e genetici della speciazione degli animali, Pallanza 31 

For details see WEATHERALL D. J., J. B. S. Haldane and the malaria hypoth-
esis. In DRONAMRAJU K. R. (Ed.), Infectious Disease and Host–Pathogen 
Evolution..Cambridge University Press, Cambridge, UK pp. 18-36, 2004
CANALI S., From splenic anemia in infancy to Microcythemia. The Italian 
contribution to the description of the genetic bases of thalassemia. Medicina 
nei secoli 2005; 17 (1): 161-179.
AURICCHIO L., Su alcune sindromi di anemia con splenomegalia a carat-
tere familiare nell’infanzia. La Pediatria 1928, 36: 1023-1040. CaReddu G., 
Anemia splenica infantile e terapia attinica. Rivista di Clinica Pediatrica 
1929; 20, 7: 1-25. 
DOLCE N., 
Italia. Soc. Coop. Tip. Padova, 1939. FRONTALI G., RASI F., L’eritroblastosi 
e l’emolisi nella malattia di Cooley e di Di Guglielmo. Archivio Italiano di 
Pediatria e di Puericultura 1939; 7: 259-345.
FRANCAVIGLIA A., Ricerche sul morbo di Cooley. I – Studio su alcuni 
casi di morbo di Cooley osservati in Puglia. Archivio per le scienze mediche 
1939; 68, 4: 395-408. AURICCHIO L. Sindromi eritroblastiche nell’infanzia. 
Atti del XVII Congresso Italiano di Pediatria, Roma, 27-29 settembre 1939, 
pp. 103-120, Roma, 1940. Pachioli R., La mielosi eritremica cronica tipo 
Cooley. Clinica Pediatrica 1940; 22: 233-430.
CAREDDU G., Osservazioni sulla anemia di Cooley in gemelli. Studi 
Sassaresi. Sezione II – Scienze Mediche e Naturali 1940; 18: 3-8. CAREDDU 

1.

2.

3.

4.

5.

6.

7.

8.



Stefano Canali

842

G., A proposito del fattore razziale nell’anemia splenica di Cooley. In: Atti 
del XVIII Congresso Italiano di Pediatria, Napoli 20-25 maggio 1940, parte 

CAREDDU G., Fattori ambientali e costituzionali nella malattia di Cooley. 
Medicina infantile 1942; 13, 3: 49-54.
FRONTALI G., RASI F., L’eritroblastosi e l’emolisi nella malattia di Cooley 
e di Di Guglielmo. Archivio Italiano di Pediatria e di Puericultura 1939; 7: 
259-345.
VALLISNERI E., Su trenta casi di sindrome anemica di Cooley. Policlinico 
infantile 1940; 4: 145-147. 
ORTOLANI M., Anemia di Cooley ed altre sindromi eritroblastiche 
dell’infanzia. Clinica Pediatrica 1941; 23: 45.
CAREDDU G., Anemia splenica infantile e terapia attinica. Rivista di 
Clinica Pediatrica 1929; 20, 7: 1-25.
VECCHIO F., Contributo allo studio della genetica dell’anemia di Cooley. 
La Pediatria 1947; 10-12: 29-62.
Ib., pp. 52-53.
Ib., p. 53.
PACHIOLI R., La mielosi eritremica cronica tipo Cooley. Clinica Pediatrica 
1940; 22: 233-430.
LEHNDORFF H., Die Erythroblastenanämie. Ergebn. Inn. Me. U. Kinderh. 
1936; 50: 568.
PACHIOLI R., La mielosi eritremica cronica tipo Cooley. Clinica Pediatrica 
1940; 22: 422.
COCCHI C., L’anemia mediterranea di Cooley. Nuovi casi osservati in 
Sardegna: tentativi di terapia. Ipotesi etiologiche e patogenetiche. Rivista di 
Clinica Pediatrica 1941; 39, 5: 257-287.
COCCHI C., ibidem pp. 286-287.
ORTOLANI M., La diagnosi di anemia di Cooley. Gazzetta Medica Italiana 
1946; 104-105, 1: 29-40; p. 38.
Ibid, p. 38.
Ibid., p. 38.
ALLISON A.C., op cit. note 1.
CHINI V., Orientamenti moderni di clinica ematologica e loro rapporti con 

. Policlino (Sez. 
Pratica) 1939; 46.
CHINI V., Su alcuni rapporti tra infezione malarica e sindromi tipo Cooley. 
Haematologica 1939; 20: 1-9.

9.

10.

11.

12.

13.

14.

15.
16.
17.

18.

19.

20.

21.
22.

23.
24.
25.
26.

27.



Thalassemia, Malaria and the Haldane Hypothesis

843

TOSCANO F., La sindrome di ittero-anemia di Rietti-Greppi-Micheli. 
L’Ospedale Maggiore di Novara 1941; 9.
PARADISO F., 
dell’anemia di Cooley. Gazzetta Medica Italiana 1942; 51: 22-39.
SILVESTRONI E., BIANCO I., Prime osservazioni di resistenze globulari 
aumentate in soggetti sani e rapporto fra questi soggetti e i malati di cosid-
detto ittero emolitico con resistenze globulari aumentate. Bollettino e Atti 
dell’Accademia Medica di Roma 1943; 69, 11-12: 293-309, sitting of 26 
November 1943. SILVESTRONI E., BIANCO I., Sull’esistenza nell’uomo 
di una particolare anomalia ematologica costituzionale. Bollettino e Atti 
dell’Accademia Medica di Roma 1944-45; 70: 44-49, meeting of 24 December 
1944. Published  in unabridged form: SILVESTRONI E., BIANCO I., 
Dimostrazione nell’uomo di una particolare anomalia ematologica costituzi-
onale e rapporti fra questa anomalia e l’anemia microcitica costituzionale. 
Policlinico Sez. Med., 1945; 52: 105-137. SILVESTRONI E., BIANCO I. 
Una particolare anomalia ematologica: la “microcitemia”. Minerva Medica 
1946; 37: 206-221.
SILVESTRONI E., BIANCO I., Ricerche sui familiari sani di malati di 
morbo di Cooley. Ricerche di Morfologia 1946 22: 217-256. Silvestroni E., 
Bianco I., Nuove ricerche sui famigliari di malati di morbo di Cooley e prime 
osservazioni sulla frequenza dei portatori di microcitemia nel ferrarese e in 
alcune regioni limitrofe. Bollettino ed Atti dell’Accademia Medica di Roma, 
72, 32, anni accad., 1945-46, 1946-47.
SILVESTRONI E., BIANCO I., Nuove ricerche sulla trasmissione ereditaria 
della microcitemia. Policlinico, Sez. Prat. 1947; 54: 1359-1370. SILVESTRONI 
E., BIANCO I., Sulla frequenza dei portatori della microcitemia nel Ferrarese, 
sui gruppi sanguigni dei microcitemici e sulla trasmissione ereditaria della 
microcitemia
DAMESHEK W., Familial Mediterranean target-oval cell syndromes. American 
Journal of medical Sciences, 1943; 205: 643-60.
VALENTINE W.N., NEEL J.V., Hematologic and genetic study of the trans-

. Archives 
of internal medicine, 1944; 74: 185-196. NEEL, J. V., VALENTINE W. 
N., The frequency of thalassemia. Amer. J. Med. Sci. 1945; 209: 568-572. 
VALENTINE W.N., NEEL J.V., 
target cells, with special reference to their occurrence in thalassemia. Amer. 
J. Med. Sci. 1945; 209: 741-752. Neel J.V., Valentine W.N., Further studies 
on the genetics of thalassemia. Genetics 1947; 32: 38-63. 

28.

29.

30.

31.

32.

33.

34.



Stefano Canali

844

WEATHERALL D.J., Toward an understanding of the molecular biology of 
some common inherited anemias: the story of thalassemia. In: WINTROBE 
M.M. (ed), Blood, Pure and Eloquent
1980. Wheatherall D.J., Thalassaemia: the long road from bedside to genome. 
Nature Reviews Genetics 2004; 5: 1- 7. WEATHERALL D.J., Clegg J.B., 
The thalassaemia syndromes
chapter 1 “Historical perspectives: the many and diverse routes to our current 
understanding of the thalassaemias, pp. 3-62).
WINTROBE M.M. (ed.), Blood, Pure and Eloquent
Hill, 1980. Wintrobe M.M., Haematology - the Blossoming of Science. 
Philadelphia, Lea & Febiger, 1985.
For a detailed reconstruction of the Italian contribution to the description of 
the genetic bases of thalassemia see CANALI S., From splenic anemia in 
infancy to Microcythemia. The Italian contribution to the description of the 
genetic bases of thalassemia. Medicina nei secoli, 2005; 17 (1): 161-179.
SILVESTRONI E., BIANCO I., Nuove ricerche sui famigliari di malati di morbo 
di Cooley e prime osservazioni sulla frequenza dei portatori di microcitemia 
nel ferrarese e in alcune regioni limitrofe. Bollettino ed Atti dell’Accademia 
Medica di Roma 72: 32, anni accad., 1945-46, 1946-47. SILVESTRONI E., 
BIANCO I., Sulla frequenza dei portatori della microcitemia nel Ferrarese, sui 
gruppi sanguigni dei microcitemici e sulla trasmissione ereditaria della micro-
citemia
I., Sulla frequenza della microcitemia nel Ferrarese e in alcune altre regioni 
d’Italia. Policlinico, Sez. Prat. 1948; 55: 417. SILVESTRONI E., BIANCO I., 
Nuove ricerche sull’eziologia del morbo di Cooley e prime osservazioni sulla 
frequenza della microcitemia nel Ferrarese. Minerva Medica 1948; 39, 1, 8: 
8-21. SILVESTRONI E., BIANCO I., Sulla frequenza della microcitemia nel 
Ferrarese e in alcune altre regioni d’Italia. Policlinico 1949, Sez. Prat., 56: 
906. SILVESTRONI E., BIANCO I., MONTALENTI G., SINISCALCO M. 
Frequency of Microcytemia in some Italian district. Nature 1950; 165: 682.
SILVESTRONI E., BIANCO I., Il metodo Simmel per lo studio delle resist-
enze globulari. Il Policlinico Sez. Prat. 1945; 51: 153-158.
Ida Bianco, personal communication.
SILVESTRONI E., BIANCO I., 
microcitemici sani e dei soggetti normali alla feniltiocarbamide. La Ricerca 

SILVESTRONI E., BIANCO I., MONTALENTI G., On genetics and 
geographical distribution of a human blood disease. Proceedings of VIII 

35.

36.

37.

38.

39.

40.
41.

42.



Thalassemia, Malaria and the Haldane Hypothesis

845

International Genetics Congress, 1948 in Hereditas, Supplement 1949: 662.
HALDANE J.B.S., The rate of mutation of human genes. Proceedings VIIIth 

Suppl.: 267-272.
HALDANE J.B.S., Disease and evolution, Symposium sui fattori ecologici e 
genetici della speciazione degli animali. Pallanza 31 luglio-2 agosto 1948, La 

, 1949; 19, Suppl: 68-76.
MONTALENTI G., Discussione of Haldane “Disease and evolution, 
Symposium sui fattori ecologici e genetici della speciazione degli animali” 

Ibid.
LEDERBERG J.,  
Evolution. Genetics 1999; 153: 1–3.
ALLISON A.C., Two Lessons from the Interface of Genetics and Medicine. 
Genetics 2004; 166: 1591-2004.
DRONAMRAJU K.R., Introduction. In Dronamraju K.R., Arese P. (eds.), 
Malaria: genetics and therapeutics aspects
DRONAMRAJU, note 47.
WEATHERALL D. J. J. B. S. Haldane and the malaria hypothesis. In: 
DRONAMRAJU K. R., (Ed.), Infectious Disease and Host–Pathogen 
Evolution. Cambridge, UK, Cambridge University Press, 2004 pp. 18-36.
Archivio Giuseppe Montalenti, held in the Library of Section of the history 
of medicine, Università di Roma “La Sapienza”.
SILVESTRONI E., BIANCO I., MONTALENTI G., SINISCALCO M., 
Frequency of Microcytemia in some Italian districts. Nature 1950  165: 682. 
LEDERBERG J., . 
Genetics 1999; 153: 1–3.
BIANCO I., MONTALENTI G., SILVESTRONI E., SINISCALCO M., 
Further data on genetics of microcythaemia or thalassaemia minor and Cooley’s 
disease or thalassaemia Major. Eugenics, 1952; 16,4: 299-315. SILVESTRONI 
E., BIANCO I., MONTALENTI G., SINISCALCO M., Genic equilibrium of 
Microcytemia in some Italian districts. Nature 1954; 173: 357-359.
MONTALENTI G., The genetics of microcythemia. Caryologia 1954; 4 
(Suppl.): 554-588.
NEEL J.V. The population genetics of two inherited blood dyscrasias in man. 
Cold Spring Harb Symp Quant Biol 1951; 15:141-158.
CANALI S., CORBELLINI G., Clinical, Epidemiological and Genetic 
Investigations on Thalassemia and Malaria in Italy. In: Dronamraju K.R., 

43.

44.

45.

46.
47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.



Stefano Canali

846

and Arese P. (eds.), Malaria: genetics and therapeutics aspects
Springer, 2006, pp. 56-80.
CANALI S., CORBELLINI G., Lessons from anti-thalassemia campaigns in 
Italy, before prenatal diagnosis. Medicina nei secoli 2003, 14, 3: 739-771.

Correspondence should be addressed to: 
s.canali@histmed.it – web site: www.stefanocanali.com 

59.


