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In the last ten years a great deal has been learnt about certain inherited

haemolytic anaemias,

Thalassaemia

In thalassaemia major (m:_i.crbcythéexﬁia,~medi'berranean-ahaemia) the production of
normal adult haemoglobin (haemoglobin A) is inadequate, The paradoxical picture
results of a hyﬁochromic microcytic anaemia, such “as is usually caused by an iron
deficiency, with considerable iron deposibts in the bone marrow. .- The other physio- .
logical haemoglobin, foetal haemoglobin (haemoglobin F) is nearly always produced in
this condition, possibly to compensate for the shor‘be.fge. of. A, F usually disappears
from the blood within the first six months of life, but in thalassaemia varying _
amounts may be present at an age at which it is no longer._-;feund. in normal persons.‘;
The production of F.ddes not appear to be under h_aAsi‘m;'sle” geneticel cqr‘fbrolrand itis
certainly -not determined by an allele of the gene responsible i‘er the specificity of
A, The presencze of :F.in thalassaemia, or. for that mat.ter in other congenital
anasmias, does nof indicate that there has been: a genetic replacemen’c. of Abvy F,

The thalagsaemia gene, although influencing the production of A, is also not an
allele of gene for the formation of A,
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Abnormal Haemoglobins

There are however now known numercus conditions where A itself is replaced by
abnormal haemoglobinst = sickle-rell haemoglobin (S), C, D, E or G. Two genes,
one from each parent are responsible for the production of the adult haemoglobin and
its variants, and each gene indep.en&ently produces its quota of the corresponding
haemoglobin, so that various mixtures of haemoglobins may result,

RN .

Normal — Abnormal Heterozygotes (Traits)

When a heterozygous combination of A and of an abnormal haemoglobin is present,
the condition is usually called a trait and is generally considered harmless,
AS denotes the sickle~cell trait, AC the hzemoglobin C trait, AD, AE, AG denote the
traits for C,D,E and G respectively,

As the thalassaemia gene is not an allele of the A gene the inherited haemoglobin
composition in thalassaemia is Ah, If one gene for thalassaemia is present, i,e.
the individual is heterozygous for thalassaemia, the condition is called thalassaemia
minor, -and the -person concerned is a carrier of the thalassaemia trait,
Homozygotes .

The homozygous inheritance of the abnormal haemoglobin genes usually leads to
disease, SS is the composition found in sickle-cell disease, CC in haemoglobin C
disease, and EE results in a mildly haemolytic condition - haemoglobin E disease.

The one case of GG seen did not suffer from anaemia, and DD has not yet been observed.

In thalessaemia major the genes for haemoglobin A production are both present,
but the thalassaemia gene is inherited in the double dose = with the result of a
severe suppression of A formation,

Heterozygotes for two abno:mal Genes

Not only the homozygous :mherltance of an abnormal haemoglobin, but also the
heterozygous combination of two d:.fferent abnormal haemoglobins, may cause d:Lsease.
Furthermore in 1nd:|.v1duaJs doubly heterozygous i‘or one abnormal haemoglobin gene and
for one thalassaem:.a gene the comb:n.natlon of i‘he 'bwo WY not express :Ltself in a
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to-existence of a harmless haemoglobin trait and the equally harmless thalassaemia
minor, Four such heterozygous conditions are known so far, three of ‘them resulting

in a less severe form of sickle-cell anaemia,

AS + one thalassaemia geNe esececsscses Micro-drepanocytic disease

Se ceovosssesse Slckle-~cell haemoglobin C disease
SD ee0006090080 SiCkle—ce]_l haemoglobin D dj_sease

AE + ‘one thalassaemia gene cscecessesas & disorder showing the modified features
’ ' “of haemoglobin E disease and of
EESCARE deos thalassaemia, ‘

Limitations of genetic Theory of Disorder

Though it can usually be assumed that the ﬁomozygoﬁs inheritancé of the
sickle~cell gene resulis in a severe haemolytic anaemia and that the heterozygote
exhibits the harmless trait some modification of this theorj? is\;::‘lridicated; We have
recently discussed these exceptions(l) and it .can be stated that the SS combination
may not always cause anaemia, and that the AS combination is not always harmless.

We do not yet know the extent to which these exceptions exist, Similarly Singer
and his colleagues (2? have recently described varying degrees of severity of micro—
drepanocytic disease, M"The severity of an anaemia does: not depend only on the rate
of disintegration of the red cells but also on the ability.of the bone, marrow to
compensate for this mechanism,? Nevertheless the fact remains that 'the, presence of
these genes responsible for the inheritance of abnormel haemoglobins in a population
mist result in an overall picture of congenital haemolytic anaemia or digsease in the
homozygotes and- in the doubly abnormal heterozygotes and, that according to the.laws
of natural selection, these genes\ should not be found in a high incidence unless

(3)

there was a balancing factor,

Abnormal Haemoglobins and Pcpulation Dynamics

Surveys of incidence of abnormal haemoglobins have disclosed a very high
incidence of these genes in many populations, . In particular in the tropical belt
of Africa the mmber of individuals born with sickle-cell anaemia must be enormous,

and it has been calculated that there must be a quarter of a million of them in
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British West Africa, In the Southern Gold Coast where there is also a high

incidence of haemoglobin G, three out of every hundred children born should suffer
from some form of abnarmal haemogiobin disease, . To allow for the persistence of
these haemoglobins a balancing fagtor must be assumed,

]
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Compensation by high mutation rate

One of the compensating factors considered was a possible increase in the
muatation rate for S sufficient to replace in each generation the logs caused by
the death of homozygotes before the age of reproduction was reached. There has
however been no convincing evidense of such an inecrensed mutation rate in the .
populations concerned,(l") and the rate of mubation required would be many 'bimes‘
greater than is known for any other human gene,

s T L, s o AR

Compensation by balanced polymorphism

A further possible compensating factor is "balanced polymorphism", While
seléction acts against the survival of homozygotes for the abnormal gene, the
heterozygote for both the normal and the abnormel gones possesses a survival-
advantage over the normal homozygote. Thus as far as *he genetic composition of
the whole population is concerned the Joss of abnormal genes by death of homozygotes
is balanced by the loss of normal genes due to the greater mortality of normal
homozygotess From the beginning this advantage.of heterozygotes over normal homow
zygotes has been thought to be an increased resistance against malaria, Haldane
proposed this expianation when he discussed the population dynamics of thalassaemia,
_'-’Professor Haldane ha suggerito in communicazions verbale che gli individud. .
microcitemici, i quali fra 1llaliro hamno resigtenza globulare amnent‘at‘a s possano
2-sere pil resistanti all! infezione malarica." (Motalenti, 1949(5) )« For the
gickle~cell gene similar suggestions were made by Haper,< 6) Bee'i;,(.?). Brain(s) and
Mackey & Vimreljjfg) Beet went as far as to examine blood slides of sicklers
and of non-sicklers for malaria parasi’.ceq, s but the results were not of statistical
significance, Sir Ernest Kennaway(lc) has recently pointed out that it may be
fallacious to concentrate too seriously oh stabistical significance when selective

mechanisms in man are examined, Clearly unless they proceed at a lightning speed
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sufficient to change the human race 1n a few generations 1t will be impossible to
gather by a mere contemporary survey results which equal in signif icance those

obtained from a study of many generations of drosophila,

Allison!s Invest igations

It was thus a. considerable step forward when A'.Lllson( ) repor'bed that he had
in fact obtained sbatistically valid evidence on a nega’c.ive correlatlon be'bween
the gsickling trait and malarial infection, He compared ‘the parasite rates in
children under 5 years. of age in the Kampala region and found that 43 sickling
children showed a parasite rate of 27.9%, and 247 non-sicklers a rate of 45, Th.
Upon inoculation of highly immune East-African adults with an African or a Malayan
strain of P, faloiparum he found that only 2 out of 15 sickle~cell trait carriers
(i.e, heterozygotes) developed malaria, while 14 out of 15 non-~sicklers (i.e, normal

homozygotes) developed malaria,

Further Investigations into the Relation between
Sickling and Malaria

There has been much controversy over Allison's results, Rapose»('_'lz ) stated
that "this difference seemed so striking that it was reasocnable to wonder why it had
not been noticed alreadyY, Allison(n) had gone as far as to suggest that there
might possiia]y be no anthropological significance in the distribution of the sickle=-
cell gene, and that its possession might depend on whether a particular population
lived in a highly malarious area or not. The anthropological significance of the
trait will have to be reviewed in the light of the evidence for balanced polymorphism,
but Roberts & Lehmann ) have pointed out that the Ndffhern and Southern Nilotes
though both living in a highly malarious area differ by the complete absence of

+{12)

in two samples could

sickling among_the former and-a high incidence in the latter, Neither Rapex
(15) (16)
confirm an association between parasite rate and sickling such as claimed by

Allison, When Beubler, Dern & Flanagan(lv) inoculated sickling and non-gickling
adults with. mlai'ia, all became infected and "though the parasitaemia tended to be
somewhg.t.less marked in.the men with sickle trait ,..., the difference observed was

nor Moore, Brass & Foy in two samples, nor Edington

unimpressive and of questionable significance!, Nevertheless only Brass et al,
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rejected Allison’s claimg outright, the other workers believed with Raper that
“Allison had accentuated a difference +that was real but actually of lesser

magnitudett,

Allison himself_had already suggested "that the protection afforded by the
sickle--ccll trait is more effective against P, falciparum than against other
species of plasmodia®, Subscquent positive resulbs were all obtained by con-
centrating on majignant tertian malaria rather than on malaria as a whole,

Raper( 12)

examined over 2,000 individuals in Kampala, Concentrating on the degreec
of parasitaemia rather than on the infechion rate, and on the age group at which
immnity is not yet acquired, i.e., on infants below the age of two, he obtained

statistica significant evidernce of muca lower_ P, falciparum densities in
C LD

sicklers than in non-sicklers, Sickling infants would therefore be expected to
die to a> lessexr extent of mlaria, Colbourne & Edington(18) in Accra who
originally did not obtain statistically significant results have shown with a
larger sample that not only densities bub also.parasite rates of P, falciparum were

congiderably lower in sicklers under five yeays of age than in their non-sickling
brothers, No difference was noted in adulis, . However in a holo-endemic area
acquired immnity would be expected to protect sickler and nonw-sickler alike, and
only the children who have not yet acquired their immunity die from maiarial

infection in holo-endemic surroundings.

Other Lines of Research

While work on the correlation of malaria and sickle-cell trait is only beginning,
there are already problems which arise from it, Whether the sickle-cell haemoglobin
protects against other diseases than malaria will have ‘o be investigated,

Similarly it is possible that abnormal haemoglobins other than the S variant may

afford protection against malignant tertian malaria, Even the phys iological foetal
haemoglobin mey have such a2 function: It is present in thalassaemia heterozygotes,
Its normal presence in infants up to the age of six months may be one of the factors

responsible for the lower infcchion rate up to that age,
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Geographical distribution of thalassaemia and abnormal haemoglobins

The distribution of thalassaemia and of the abnormal héer&églobms may ‘serve ‘as
indicating in which direction we may have to search for a possible par‘b they play

in protecting against diseasea

Thalassaemia is present in nearly all Med:.'berranean ccun'lr:ss, 1n the Middle Bast,
Indla, Siam and possibly in Sowthern China '

Haemoglobin D has been found in three ins'bances only ’ dwice in Caucagold
families in the USA and Great Britain respec’olvely, and once in a Sikh in India.

Haemoglobin C is found in high frequency in sertaln parts of West, Africa, but
not in Central or in East Africa, Some examples have been reper'bed.freﬁ ﬁor‘bh
and South Africa where the gene for C has presumably been imborted“ with West African
slaves, Mourant has suggested that ’che gene for haemoglobin C ,may -arige from a
mutation of that for S, "and that- it may carry similar advantages m.thou'b ‘bhe '
disadvantages of S, Haemog’.l obin C may 1ike S be less palatable to P, falc:.parum
than normal haemoglobin, and haemoglobin C disease is less severe than ‘sickle=cell

ansemia, As C does npj; cause,rthe sickling phenomenon, crises and. other catastrophes

associated with intravascular sickling do not arise.

Haemoglobin E has been found al considerable incidence in Siam and in Indonesiay
it seems to be frequent in Burma, and has been reported in isolated cases fram
India and Ceylon,
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