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Summary

Seventy children homozygous for Hb S (SS) and their 111
heterozygous (AS) parents were evaluated through their erythro-
cytic indices, hemoglobin composition, and occasionally through
in vitro Hb chain synthesis values.

Three groups of SS patients and of AS parents were identified
based on differences in degree of microcytosis (MCV) and (degree
of hypochromia (MCH) values. The level of Hb S in the Hb S
heterozygotes showed a trimodal distribution. Five SS patients
had an a-thalassemia homozygosity (a’a/a’a; ﬂs/[)’”) which was
characterized by a distinct microcytosis and hypochromia (MCV,
= 70 fi; MCH, =22 pg). Nine SS patients had an a-thalassemia
heterozygosity (a’/a/aa; f5/8%) with an MCV value of 71 to 78
fl, and an MCH value of 21.3 to 26.5 pg. Four AS parents had an
a-thalassemia-2 homozygosity with values of MCV = 71 fl and
MCH = 235, The level of Hb S was <31%. Thirty-nine AS
parents had an a-thalassemia-2 heterozygosity characterized by
an MCYV value of 72 to 79 fl, an MCH value of 23.6 to 26.5, and
a level of Hb S ranging between 31.0 and 36.8%.

The Hb A level in SS patients was significantly correlated with
the RBC counts and the MCV and MCH (r = 0.38, —0.52, and
—0.47, respectively). Significant correlations in AS parents were
also noted between the MCV, MCH, RBC, and Hb S percentages
(r =0.62, 0.68, and —0.49, respectively).

Although the data are limited, the simultaneous occurrence of
an a-thal-2 homozygosity seems to decrease the level of Hb F in
sickle cell anemia. The presence of an a-thal-2 heterozygosity or
homozygosity together with an SS or AS condition resulted in
identifiable hematologic phenotypes.

Speculation

The occurrence of microcytosis and hypochromia among SS
patients in association with increased erythrocyte counts and Hb
A, percentages indicates the concomitant presence of a-thalasse-
mia-provided f chain deficiencies have been excluded through
biosynthetic experiments or through family studies. The a-thal-2
heterozygosity (a’a/aa; $5/8%), which is associated with a mild
a chain deficiency, results in a slight decrease of the degree of
microcytosis and hypochromia values. On the other hand, the a-
thal-2 homozygosity (a"a/a’a; B%/8%) and perhaps also the a-
thal-1 heterozygosity (a'a’/aa; 85/8%), which are associated with
a moderate a chain deficiency, result in a distinct microcytosis
and hypochromia. The high incidence of a-thal-2 among Black
Americans requires careful consideration and may be more prev-
alent than an iron deficiency anemia in children with the SS and
AS conditions.

The clinical and hematologic heterogeneity of sickle cell anemia
(88) and Hb S heterozygosity (AS) has been the subject of various
studies (2, 5-9, 14, 16, 17). These studies have indicated that the
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a-thal-2 du“:lerminam. which is associated with a mild « chain
deficiency due to the deletion of one of the four a chain genes. is
rather prevalent in the Black population. The AS condition and
an a-thal-2 heterozygosity (a'a/aa; 8/87) or homozygosity (a"a/
o'a; B/F7) boften occur together. The two conditions can be iden-
tified through an evaluation of the proportions of Hb S, the degree
of microcytosis and hypochromia values, and the a/non-a synthe-
sis ratio, all of which are decreased when compared with similar
deta in Hb S heterozygotes who lack a-thalassemia (aa/aa: B/
£7). '

These observations offer an additional approach for the diag-
nosis and evaluation of the a-thalassemia conditions occurring
among Hb S homozygotes. The present study documents the
occurrence |of these two types of a-thalassemia in an unselected
group of 8§S children who attend the Pediatric Clinic of the
Comprehensive Sickle Cell Center in Augusta, GA. The preva-
lence of a-thal-2 in this group indicated by hematologic abnor-
malities was found to be higher than previously predicted. Cor-
relation analyses of several hematological parameters provided
details regarding the effect of the a-thal-2 gene on these param-
eters.
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MATERIALS AND METHODS

=

PATIENTS
Seventy {S children who attend the Pediatric Sickle Cell Clinic
of the Center participated in this study. Their ages varied from 3
to 13.5 year}s: 36 were females, and 34 were males. Blood samples
were collected by venipuncture with EDTA as anticoagulant.
Informed cgnsent was sought and obtained.

Grouping pf the Cases. The patients and the parents were divided
into three groups according to their MCV and MCH levels.
Criteria for the divisions are as follows:

‘ 1. Children with sickle cell anemia

Group | (MCV)Z80fl  (MCH) > 26.5 pg (presumed diagnosis
aa/ae. 87/ %) (21)

MCH 23 10 26.5 pg (presumed diagnosis:
o'a/aa; B/ 87)

MCH = 22 pg (presumed diagnosis: a'a/
oa; B8

Group2 MEV 71079 fl

Group 3 MC;‘V =701

2. The AS Earenls were divided into three groups based on the
level of Hb S, and the MCV and MCH values

Group | ‘M('V =80f MCH = 27 pg (presumed diagnosis: aa/
aa; B/ B°)
MCH 23.6 10 26.5 pg HbS 31010

36.8%

Group2 MCV 721079 fl

3‘ (presumed diagnosis: a'a/aa; /8%
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Group 3 MCV =711 MCH = 23.5 pg Hb S < 31%

(presumed diagnosis: o''a/a’a: BB

Homozygosity for Hb § was documented by the absence of Hb
A in electrophoretic and chromatographic analyses. The presence
of f-thalassemia in patients of groups 2 and 3 were excluded either
by family study or by in virro hemoglobin synthesis analysis. The
parents of the SS patients classified in group 3 are included in
group 2 (2a) because they are obligatory heterozygotes unless
otherwise stated. Some of the data listed for these parents are
divided into two groups based on the sex of the parent (Table 2).

HEMATOLOGIC PROCEDURES

Routine blood counts were obtained with a Coulter model S
electronic cell counter. The hemoglobin composition was analyzed
by starch gel electrophoresis at alkaline pH and by citrate agar
electrophoresis at acid pH (10). The quantities of the different
hemoglobins in red cell lysates were measured by chromatography
on DEAE-cellulose using glycine-KCN-NaCl developers (1). /n
vitro Hb chain synthesis followed procedures given in detail before
(10). All incubations were for 5 min only, and globins prepared
from lysed whole cells were analyzed.

Serum iron and transferrin levels were measured by conven-
tional methods in all patients and parents which fell in groups 2
and 3. None of the subjects included in the study had an iron
saturation less than 20%.

The data were evaluated by Pearson’s correlation test, partial
correlation test, and by the multiple range test using Tukey HSD
procedure (3).

RESULTS

Average values of the hematologic data, the percentages of the
various Hb fractions, and the in vitro Hb chain synthesis data for
the 70 SS patients are listed in Table 1. Table 2 summarizes
similar data for 111 AS parents. The correlations between some of
the data are summarized in Table 3.

Among the SS patients, the hematologic values were about the
same for the two sexes. No differences were observed in regard to
age except for percentages of Hb F which showed a significant
negative correlation (Table 3). The hemoglobin levels varied from
6.4 to 10.0 g/dl and correlated with the percentage of Hb F
(Tables 1 and 3). Good correlations were obtained between the
MCV and the MCH values, the Hb A. percentages and the
erythrocyte counts, and with the Hb F levels and the MCV or
MCH values, and the a/non-a ratios and the MCV values (Table
3). The application of partial correlation did not give any addi-
tional information.

The 56 patients in group | were assigned the aa/ac; §°/8°
genic arrangement, ie., they have a normal a chain genotype,
whereas nine patients in group 2 were assigned the arrangement
with three active a chain genes, or o’a/aa; f°/f° due to an a-
thal-2 heterozygosity. The five patients forming group 3 were
considered to have only two active a chain genes, or a’a/a"a;
B°/B. resulting from an a-thal-2 homozygosity.

The presence of f-thalassemia was excluded in eight of 14
patients belonging to groups 2 and 3 (four of nine in group 2 and
four of five in group 3) because all 16 parents were Hb S
heterozygotes. The mother of the other six patients had an AS
trait, but the fathers were not available. /n vitro synthesis analyses
in these SS patients gave o/non-a ratios of 0.54 to 0.94 which
excludes a f-thalassemia condition.

All five patients in group 3 had a much lower level of Hb F
when compared to the SS patients in groups | and 2 (Table 1).
Splenomegaly was noted in all five cases forming group 3.

Sixty-eight of the 111 Hb 8 heterozygotes had no a-thalassemia
(aa/ae; B/f7) and are classified as group la (female) and Ib
(male). Group 2a included eight of the 10 parents of the five S8
children of group 3; these parents belong to group 2 as obligatory
heterozygotes for a-thal-2 (Table 2). The father of one S8 child in
group 3 had a very low MCV, MCH, and percent Hb S and is

Table |. Hematologic values, hemoglobin composition, and biosynthetic data on 70 SS children divided into three groups according to their MCV values

Hb synthesis

Sex

Hb F
(%)

Retic
%

MCV

RBC
(10" /liter)

a/non-a
(5 min)
0.95 + 0.2 (14)*

Hb A.
%)

MCH
(pg)

f1)

(

Hb
(g/dl)

No Age

Group

199 £ 9.6 29 0.6 90 +'5.9

313225

88.0 55

+ 0.8

2.6 = 0.3 8.2

27

Tl 2.9 29

56

1. SS: no

(31

0.76-1.39

13

[2.3]
1.6-4.4 0.5-27.6

2]

[2.3]
26.4-37.1

12‘3]3
1.9-3.5%

a-thal-2

6-60

{2, 3]
80-103

0.85 = 0.1 (5)

751424 253 £ 1.9 109 = 3.4 3604 104 = 5.1

8+£0.7

34 +£0.2

2. a-thal-2

(3]

3.9-18.6

(1

(1.3] (1
2.6-4.1

21.3-27.8

[1.3]

71-78

[1.3]

2.1-3.7

heterozy.

0.68-0.94

4-16

7.8-9.6

+03 064(2)

26

0.4

119 % 12,7

216 02

# 1.9

64.8

+09

8.8

05

4.0

106 £ 2.9

5

3. a-thal-2

(1

0.54-0.73

[1.2]

2.1-3.6

(1]

[L2]

21.5-22.0

(1,2]

62-67

[1.2]

3.6-4.6

homozy.

1-5.2

Bt

2.4-34

7.9-10.0

0.88 = 0.2 (21)

0.64-1.39

+59

+ 0.7 8.8

3.1

18.3 9.8
2.4-60

298 +38

84.8 + 8.7

+ 0.8

8.3

2.8 £ 05
1.9-4.6

34 36

12429

70

Total

0.5-27.6

1.6-52

62-103

6.4-10

" Mean + S.D.

2

Range

The numbers in parentheses refer to the number of in vitro analyses made for each group.

* Numbers in brackets identify the groups of patients with values that

* Range of data.

differ from the listed value at a P value of less than 0.05.
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Table 2. Hematologic value and hemoglobin composition data of 111 Hb S heterozygous parents of children with sickle cell anemia

S RBC Hb MCV MCH Hb A, Hb §
Group Age = 12,735 = e
M p (107/liter) (g/dl) () (pg) (%) (%)
la. Mother without a-thal-2 294 +70' 46 4403 13.0 + UA%; 86.0 + 44 29,1 %:1.3 3104 395420
(2,31 (2.3] 12,3}
b. Father without a-thal-2 345 + 10.1 22 50+04 14.9 + 1.2 87.1 £43 299 % 1.5 30£05 399+22
[2.3] [2.3] [2.3]
2a. a-thal-2 343 + 140 3 5 S0 x9S 140 = 1.6 80.2 £ 44 26.5 £ 1.1 3.0+06 363 £ 2.1
obligate heterozygotes ‘ [1,3] [1.3] [1.3]
Mother 293 + 6.7 48 +04 13.1 £ 1.2
Father 312171 5.3:40:6 154 + l.g
b. a-thal-2 296 + 6.2 10 21 49+05 132+ I J 78.6 +£2.2 269 * 1.5 33+£06 356 £23
heterozygotes {1.3] [1,3) [1.3]
Mother 297 x 5.1 47+ 04 126 £ 1.0
Father 29.5 6.7 5304 145 + 1.2
3. a-thal-2 homozygotes 333 £ 10.6 3 1 64x04 147+ 13 68.8 +22 23,0 £ 055 3702 288+ 12
[1.2] (1,2] (1.2]
Total 310 £ 85 3B 73 4806 136+ 1.4 83.1 £5.9 28.2 2.1 30 E0.5 379+ 33
Range 19-67 3.7-6.6 10.7-17.3 66-96 22.3-31.6 1.8-4.3 27.3-45
' Mean + S.D.

“ Numbers between brackets identify the groups of patients with values that differ from the listed value at a P value of less than 0.05.

Table 3. Correlation of some of the data in children and in

parents'
Parameter r P

Children
Ret vs.

RBC —-0.24 0.042

MCV 0.33 0.005

MCH 0.30 0.012
Hb Ay (%) vs.

RBC 0.38 0.001

MCV —0.52 0.001

MCH -0.47 0.001

F (%) —-0.39 0.001
MCV vs. MCH 0.70 0.001
Hb F (%) vs.

Age -0.42 0.001

Hb 0.35 0.003

Hb S (%) —0.96 0.001
Hb S (%) vs.

Age 0.36 0.002

Hb -0.39 0.001
a/non-a vs, MCV 0.48 0.025
Parents
Sex vs.

RBC -0.53 0.001

Hb -0.67 0.001

PCV =0.56 0.001
Hb A, (%) vs.

Hb S (%) -0.23 0.002

RBC 0.24 0.017
MCV vs. MCH 0.70 0.001
RBC vs.

MCV -0.30 0.002

MCH -0.28 0.004

Hb S (%) —-0.49 0.001
Hb S (%) vs.

MCV 0.62 0.001

MCH 0.68 0.001

' Data not showing any significant correlation are omitted.

included in parents group 3 with the a'a/a’a; B/ or o’a’/ax;
B*/B" conditions. However, examination of both paternal grand-
parents showed segregation of an a-thal-2 like condition excluding
the presence of the a-thal-1 gene in this family (these data will be
published  elsewhere). Thirty-one of 111 parents had a-thal-2
heterozygosity (Table 2, group 2b). The four parents in group 3
had MCV values = 71 fl, MCH values = 23.5 pg, and Hb S values
< 31%, and were considered to be a-thal-2 homozygotes (a'a/a’a;

B/ BY).

DISCUSSION

The data|presented here confirm again that a significant number
of SS patients and Hb S heterozygotes have distinct hematologic
features.

The hematologic observations in the five SS-a-thal-2 homozy-
gotes suggest the following diagnostic criteria: MCV = 70 fl, MCH
= 22 pg, and RBC = 3.5 x 10"/liter. Of interest are the high
levels of Hb A. and the low Hb F values. The elevated Hb A,
level among SS-a-thal-2 homozygotes [4.2 + 0.4 (S.D.); n = 5]
probably results from a moderate « chain deficiency. In a previous
study involying many Hb S heterozygotes, a correlation between
the assumed number of active a chain genes and the Hb A, values
was also obtained (8, 14). It is much more difficult to decide if an
a-thal-2 heterozygosity is present. and a considerable overlap
between the groups with three or four active a chain genes makes
such a distinction in individual cases often impossible. These
conclusions|are similar to those reached previously in a smaller
survey (6).

These observations imply that an elevated level of Hb A,
together with microcytosis in patients with sickle cell syndromes
need not automatically identify the S-B"-thal condition except
when data from a family study and/or in vitro Hb chain synthesis
analyses suggest such a diagnosis. Although it was suggested that
an « chain deficiency could promote the formation of Hb F over
Hb S and € in Hb S or Hb C homozygotes (15-17). a recent
physiochemical determination has shown that #° chains have a
higher affinity than y chains for a limited supply of « chains (11).
Indeed, despite great variation in the Hb F level, the five a-thal-
2 homozygotes had some of the lowest Hb F percentages in this
cohort. It should be noted that in a pediatric setting the Hb F
levels ought|to be evaluated together with the age of the patient
(13); however, this age factor does not play a significant role in
comparing the levels of Hb F in our patients (Table 1).

The numbers of a-thal-2 heterozygotes (a’a/aa) among the 70
SS patients and among 111 Hb S heterozygotes suggest a rather
high a-thal-2 frequency (28%) in this population. This value is
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closer to that reported by Dozy er al. (4) obtained with gene
mapping techniques than the figures obtained from cord blood
studies (see. for instance, Ref. 8).

The presence of a palpable spleen in all five §S-a-thal-2 ho-
mozygotes is of special interest, and it appears that splenomegaly
is another feature of the sickle cell anemia a-thal-2 homozygosity
combination. This clinical finding can lead to misdiagnosis of the
condition because this feature together with a high level of Hb A
and low indices are common observations in Hb S-f"-thalassemia.
Thus. family studies are critical for a differential diagnosis in these
cases.

The high incidence of a-thalassemia-2 in Blacks should be kept
in mind by physicians and a diagnosis of iron-deficiency anemia
should not be based on low red cell indices only.

In a recent study. Powars er al. (12) indicated the absence of
any correlation between hematological parameters and clinical
severity of the disease. Although clinical evaluations of the patients
are not included in this study. our personal observation of the SS
patients indicates no evidence of differences in severity of the
disease among various groups (18, 19).
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Seventy children homozygous for Hb S and 111 of their AS parents were
evaluated hematologically. The data indicated that the percentage of hetero-
zygous a-thal-2 condition is present in the amount of 28% and was responsible
for some of the hematological vanation, such as MCH, MCV, RBC values.
Hb A.. and Hb S observed in these populations.

. The presence of four active « chain genes is assumed: a” indicates that this a

chain gene is absent or non-functional.
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