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SICKLE-CELL TRAIT: A FAMILY STUDY AND A REPORT OF THREE
FURTHER CASES OF SICKLE-CELL DISEASE

L. ANSTEY, M.MED. (PATH.) (CAPE TOWN),. Department of Chemical Pathology, University of Cape Town,
and M. ELSTEIN, M.B., CH.B. (CAPE TOWN), Stellenbosch

Fig. J. Family uee, showing the incidence of tbe HbS gene in the family.
n 11 had not had any miscarriages or stillbirths, nor had any of her children
died in infancy.

been overtly jaundiced and neither has a palpable spleen; their
haemoglobin levels are 10 g. % and 11 g. % respectively. The
plasma from specimens of blood (diluted with sodium citrate)
gave a positive indirect v.d. Bergh reaction. The elder patient
had been hospitalized on several occasions and had been regarded
as a case of rheumatic fever, atypical in .the response to salicylates
and in having a normal ESR, and no cardiac murmurs.

Cases I and 3
The families of the parents were also linked -by a marriage

between an uncle of the mother and a sister of the father (Fig. 1).
Two of the 8 children of this marriage had suffered from recurrent
bouts of pyrexial illnesses which, in the elder, Coloured male
aged 16, were associated with polyarthritis, and, in the younger,
Coloured male aged 8, with mono-arthritis. Neither has ever
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both were heterozygous for HbS, i.e. were cases of sickle-cell
trait.

J.H's subsequent course included 2 further haemolytic attacks
associated with upper-respiratory-lract infections. After the
second of these attacks, the haemoglobin level dropped to 4 g. %
and she was readmitted to Groote Schuur Hospital for trans
fusion. Since then she has rema.ined relatively well. The spleen
has decreased in size and is now just palpable. The haemoglobin
concentration fluctuates between 7 and 9 g. %.

Laboratory lm'estigations
Elecrrophoresis. A starch-block supporting medium was chosen

in preference to paper for the following reasons: (a) Separation
of components was better, and trailing was not nearly so marked
as on paper; (b) elution and determination of components was
accomplished with a minimum of trouble; (c) relatively large
quantities could be applied to the block at one time and, as a
consequence, reasonable quantities of purified components could,
if required, be further investigated; and (d) increases in the pro
portion of the HbA2 fraction could be readily detected. The
method used was basically that of Masri, Josephson and Singer,ll
modified according to the available apparatus.

Alkali denaturation. The one-minute method of Singer, Chernoff
and Singerl • was adopted.

Solubility determination. Assay of the proportion of HbS in
the samples was performed according to the method of ·ltano.9

The sickling phenomenon. One drop of whole blood was treated
on a slide with one drop of 2% sodium dithionite, covered with
a cover-slip and examined microscopically.

The demonstration of the presence of an abnormal haemo
globin in sickle-cell disease by Pauling et af. in 194913 not
only provided the explanation for the clinical manifestations
of the disease, but also confirmed the genetic theories l2

postulated to account for its familial occurrence. In addition,
it led to the concept, evolved by Pauling, of molecular
di ease,'4 which holds that some diseases are caused by
faulty synthesis of proteih, the fault being genetically
determined. In sickle-cell haemoglobin the molecular
abnormality was recently elucidated by Ingram,8 who showed
that HbA and HbS (as the normal adult and sickle-cell
haemoglobins are termed) differ by the replacement of 2
glutamic acid residues in HbA by 2 molecules of valine in
HbS.

The disease is rare in South Africa, only 6 case reports
being encountered in the local medical literature-Berk and
Bul13 (1943), Altmanl (1945), Grek and Findlay7 (1952),
Segal and Grusinl5 (1956), and Wassermanl8 (2 cases, 1958).
The validity of the diagnosis in the case recorded by Segal
et af. was questioned by Vandepitte,17 who suggested
that it may well have been a case of sickle-eelljthalassaemia
disease. Wasserman's 2 cases were the first to be recorded
in the Cape Coloured.

As regards the sickle-cell trait, population surveys have
been conducted by several workers amongst the various
racial groups in South Africa and Rhodesia-English4

(1945), Altrnan2 (1945), Esrachowitz et al. 5 (1952}-and all
have stressed the rarity of the trait in the South African
Bantu as compared with its frequency in Africans living
north of the Limpopo. Esrachowitz and his colleagues
surveyed the Cape Coloured population and found the
trait present in O' 58 %. When, therefore, a case of sickle-cell
anaemia was encountered at Groote Schuur Hospital and the
mother and father were both found to be members of large
Cape Coloured families, it was thought that the results of a
family study might prove interesting.

CASE REPORTS
Case 1

The propositus, J.H., Coloured female, presented at the age
of 15 months with an acute attack of frequency and dysuria,
associated with fever. Her past history included an attack of
mild gastro-enteritis, mild upper-respiratory-tract infection,
chicken pox, larva migrans and adenoiditis. The illness was
diagnosed as acute pyelitis and treated with sulphonamides and
streptomycin. There was some improvement after 3 days, but
a week later she was reported to be still off-colour, listless and
anorexic. On examination the child was found to be well nourished
but with marked pallor of the mucous membranes, a firm non
tender 4-finger splenomegaly, and soft non-tender hepatomegaly;
there was no lymphadenopathy, jaundice or rash. The haemo
globin was 9 g. %and smear showed anisocytosis, poikilocytosis,
some polychromasia, and several normoblasts.

A diagnosis of a haemolytic anaemia of unknown aetiology
wa's made and the patient referred to Groote Schuur Hospital
for investigation, where she was admitted on 18 March 1959.

'Tile following additional pertinent findings were then made:
Reticulocyte count 11 %; serum bilirubin 2· 5 mg. %; a wet pre

, paration of peripheral blood showed sickling of the red cells, and
electrophoresis revealed a pattern of sickle-cell anaemia.

Examination of the mother's and father's blood showed sickling
of the father's cells only, but electrophoresis demonstrated that
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RES LTS AND DISCUSSIO '

'The blood of the propositus was examined and the diagno is
of ickle-cell anaemia confirmed. The proportion of foetal
haemoglobin was assayed and found to be 10% of the total.
Inve tigation of the family began and work proceeded in
routine fashion until the unexpected discovery wa made that
another link between the paternal and maternal sides of the
family also involved 2 heterozygotes (IT 10 and IT 11). On
genetic grounds it was expected that, of the 8 children of thi
marriage, 2 should be homozygous for HbS, and such indeed
was the case (cases 2 and 3). As indicated in the clinical data,
one of these two children had, for years, masqueraded as a
ca e of rheumatic fever.

The electrophoretic pattern of cases 2 and 3 calls for
comment, however (Fig. 2). It resembles closely the patterns
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TABLE I. METHOD OF DETER 11 ATlON

Elution a/ubi/ill' Alkali
from 1~asuri· D~na/ura·

Bla k m~n' lion

HbA HbA
HbA Hb HbF or F Hb or HbF

Cord Blood
% % % % % % %

35 65
onnal dui, 9 2
ormal Adult 9 ·5 1·5

Sickle Cell:
Disea e 1 I 0 90 10 6 14
Disease III 9 0 67 33 75 _5
Disease III 1_ 0 6 35 72 2

Sickle Trait .. 66 34 70 30
Sickle Trait 60 40

ickJe Trait 56 44

HbF and not yet another abnormal haemoglobin. While
agreement between the re ult of thi technique and that of
elution from the block was not ery preci e, the degree of

agreement wa such as to confirm the pre ence of
6 HbF (Table 1).

S+F . Failure to elicit the sickling phenomenon in the
erythrocytes of the mother of the propo itu gave
rise to the possibility that we were dealing with
HbSjHbD disease. HbD has the same mobility
as HbS and the only way to distingw h one from
the other i to demonstrate the insolubility of HbS
(in the reduced form) in 2·24 M phosphate buffer.
This was done and the presence of HbS confirmed
(Table I).

The gene was traced back to the paternal grand
mother and maternal great-grandmother, but no
connection with Central or West African ante
cedents could be established.
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SUMMARY

I. The results of a family study of the sickle-cell
trait are presented. A consequence of the investiga
tion has been the discovery of 3 more cases of
sickle-cell anaemia.

2. The advantage of electrophoresis over the demonstration
of the sickling phenomenon in such a survey is hown by the
fact that by the latter method some cases of the trait were
missed and two cases of the fuU-blown disease were denoted
as sickle-cell trait.

3. The necessity of supplementing electrophoresis with such
techniques as·alkali denaturation and solubility studies is well
demonstrated by this survey.

Fig. 2. Electrophoretic patterns. I = case 3; 3 = case 2; 6 ~ case I; 2 and 5 = parents or
cases 2 and 3; 4 ~ a normal adult. S + F = sickle-<:eU disease; S + A ~ sickle-<:ell
trait; A ~ normal. Note the high proportion or HbF in the 3 cases or the disease.

een in sickle-cell /thalassaemia disease, a condition in which
the patient carries the trait for both sickle-cell disease and
that for thalassaemia. It conforms also with that of a group
of cases discussed by Jacob and Raper,lo characterized by
the presence of the sickle-cell trait and a gene for the persistent
production of foetal haemoglobin (the 'F' gene of Went and
Maclver20).

The latter possibility was ruled out by the absence of any
appreciable quantity of HbF in the parents, and the former
rendered unlikely (a) by the fact that both parents were
heterozygous for HbS, (b) by the absence of HbA in both
children, and (c) by the fact that neither parent appears, on
clinical grounds at any rate, to be suffering from sickle-cell /
thalassaemia disease.. Evidence pf a biochemical nature was
obtained by measurement of the HbA2 fractions in the
haemoglobin samples of the parents and the children.
Gerald and Diamond" showed that in thalassaemia trait this
fraction was increased from the normal 3%or less to values
ranging from 3·3 to 6·8 %. The following were the values
obtained: 1· 6 % and 3 % (parents), and 1· 5% and 1· 8 %
(children). .

An unusual feature of both the cases under discussion is the
unduly high proportion of foetal haemoglobin. A similar
ituation has been reported by Watson19 where the foetal

haemoglobin fraction amounted to 39 %.
Alkali denaturation studies were undertaken to confirm that
the fraction of haemoglobin other than HbS was indeed
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ACTIO STATIO S FOR DOCTORS IN CIVIL DEFENCE
LoUlS BL MBERG, E.D., M.B., B.CH., D.P.H., Hon. Visiting Medical Officer, Somersel Hospital, Cape Town

The medical problem is foremo t in Civil Defence and the role
of medical men, and their di po ition before and after an atomic
attack, are of the utmost importance. It is therefore es ential that
the Branches and Divi ion of the Medical Association of South
Africa in the probable target areas, which include the ports and
the Reef, hould make a urvey to estimate the number of available
medical men. It is also necessary to knO' the number of dentist,
nurses pharmaci ts, technician, dieticians, and hygiene per onnel,
who would be available to act as auxiliaries. The nursing service
and the pharmacist are, of course, es entia!.

Statistic of the results of the attacks of the 'nominal bomb'
on the [WO Japanese cities of Hiroshima and agasaki how that
such a bomb dropped on a town of half-a-million inhabitants
i likely to cause 120,000 casualties.

Unle s treatment is given in the first 24 hours the death rate
of these ca ualties is very high. Under conditions, in which such
a great number of casualties have to be dealt with, the mirumum
amount of treatment must be given to the maximum number of
patient. This calls for definite planning by the Association in
conjunction with the Civil Defence authority and the other public
bodie concerned.

In the numerical survev of available medical men it is essential
to ascertain the number of specialists, under their specialities.
Special ards will have to be allocated for special injuries such as
chest wounds, brain and nerve injuries, and fractures, and equip
ment and instruments for these cases, too, must be made available.
Efficiency is best obtained in hospital where imilar cases are
warded together.

For instance, casualties arriving at a 'cushion hospital' are
brought into the receiving and sorting department. From this
department they may be transferred to the resuscitation ward for
urgent treatment, or to wards for burns, or to traumatic wards, or
direct to [he operating theatre, or to a medical ward for radiation
sickness or to an orthopaedic ward, or to a non-casualty ward
Medical teams are organized, each team dealing with one ward
only, e.g. for resuscitation, burns, traumatic conditions, fractures,
or radiation sickness. In addition medical teams will be needed
for operations, anaesthetics, and blood transfusion, and for the
pathology and radiology sections.

As there will be a continuous tream of casualties arriving,
teams will have to be organized to work in shifts, so that con
tinous treatment can be given. Standardization of treatment
will have to be introduced in order to conserve drugs and dressings.

The medical planning has many complexities, especially when
speed in e acuation of casualties is essential, and the posting to
action stations should be done as soon as possible. In this the
Association is asked to play its part in the general scheme of
Civil Defence. Cognisance must be taken of extraordinary con
ditions that will prevail. All hospitals will be overcrowded. Re
creation rooms, dining rooms, halls, store rooms, will be taken
over for patients. The wards. too, will be overcrowded. All
available space in the centre will have to be utilized and space
between beds reduced so as to allow just sufficient room for nurses
to attend patients. Additional operating theatres will have to be
improvised, with minimum equipment and perhaps \ ith a per-
onnel consisting of an anaesthetist a theatre sister and a nursing

auxiliary. Priority operation ca es will be numerous and economy
of effort called for. All this adds to the number of medical per
onnel that will be required.

In order to conserve medical man-power the general public
will need to be trained in first aid. This training will save lives,
prevent complications, and relieve shock and pain. There is bound
to be delay in moving patients owing to debris, to difficulties of
transport, and perhaps also to radio-activity from 'fall-out', and
trained lay per onnel will therefore be e ential to gi e the nece ary
care. The teaching of first aid will ha e to be undertaken b_ the
medical profession. It can be limited to ba ic instruction in haem
orrhage, shock, wounds (with special reference to abdominal
and chest \ ounds), cranial injuries, unconsciousne , fracture
radiation sickness, artificial respiration, and hand and stretcher
transport.

In the chain of evacuation through supporting echelons the
medical man's role is of great importance. It should be planned
that all doctors are to be withdrawn from the target area at the
time when an attack i imminent: when this should be carried oUl
cannot be discussed within the scope of this article. The target
area is ubdivided into mall regions, each controlled by a warden,
who e attached staff of fire fighters, rescue parties, welfare section
and fir t-aid per onnel aIJ have a knowledge of first- aid and can
treat casualties.

A SCHEME FOR MEDICAL ORGA nZATIO A BOMBED AREA

1st and 2nd echelons. The 1st echelon is composed of stretcher
bearers, all with a knowledge of first aid, who carry the casualties
to the periphery circle, taking the place where the bomb drops
as the centre of the circle. At every one-sixth of a mile on the
periphery circle, are first-aid parties, each consisting of a doctor
in charge, a trained nurse and 8 other ranks (doctors and nurses
if available). They form the 2nd echelon. The condition of the
patients is checked, further first aid is given if necessary, and the
patient are sorted.

3rd echelons. Those who require immediate aid and are unable
to stand long transport are sent to the 3rd echelon, a mobile
forward medical-aid unit. These units are also placed on the peri
phery circle at about I - It miles apart and -} - I mile behind the
2nd echelons. They can be stabilized in any suitable building
and must be equipped to deal with urgent unspecialized major
surgery and to administer urgently-needed blood transfusion,
as well to handle cases of radiation sickness. They must have
holding beds with nursing personnel, where patients can be re
tained for as short a time as possible before further transfer.
At least two operating teams will form the mirumum staff of a
3rd-echelon unit. This unit is a most important link in the chain
of evacuation. Delay and transport time in getting casualties from
the 1st and 2nd echelon parties on the periphery circle to the
nearest cushion hospital might be too long for the serious, almost
moribund, cases. The interverung treatment given at the medical
forward units will save many lives.

Rest cenrres. Amongst the casualties arriving at the Ist echelon
there will be minor casualties. These are directed to rest centres,
which are merely stations that deal with uninjured homeles
people and with minor injuries and hysterical and depressed
psychological conditions. Visiting medical officers, including
a psychiatrist, are necessary here. These centres are transit camp
and the patients are dispersed by any form of transport far afield
to neighbouring towns after being clad and fed.

The 4th echelons are the cushion hospitals-improvised hospitals
with equipment drawn from the general hospitals in the target
area, which have to be evacuated, only leaving 10% of the beds
and equipment to deal with emergencies. The arrangements of
special wards and medical teams at the cushion hospitals have
already been mentioned. The sorting department of cushion
hospitals may, without admitting, direct some cases to general
hospitals anywhere up to 100 miles away. Admitted cases, too,
are moved at the earliest possible moment to these general hospital,
or tangent hospitals anywhere at all, thus making room for the
continuous arrival of new cases and relieving congestion.

The e general hospitals and tangent hospitals will have to have
additional staff drawn from practising doctors in the vicinity.
Guest houses or 'homes' in rural areas will have to be turned
into convalescent homes, and local practitioners, with the aid
of retired nurses and members of the voluntary aid societies,
will be in attendance.

Mobile relief column. In the scheme of Civil Defence, neigh
bouring towns of a target area are likely to be asked to organize
mobile relief columns, comprised of fire-fighting personnel with
appliances, pioneer sections for rescue work, stretcher bearers,
welfare personnel and first-aid sections. Medical men accompany
the first-aid sections. Vehicles for the clearing of debris and for
ambulance work also form part of these columns. After an attack
the mobile relief columns converge on the target area, and act
along \ ith the Ci il Defence organization where most needed.




