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It is an established fact that physical and chemical characteristics of
hemoglobin in the normoblasts and erythrocytes during early fetal life differ
from those of hemoglobin in the adult. Until the sixteenth week of preg-
nancy, oxygen in the fetus is carried only through normoblasts containing
fetal hemoglobin.! Although erythropoiesis in the fetal bone marrow
starts during the twentieth week of pregnancy, synthesis of adult hemo-
globin (HbA) along with fetal hemoglobin (HbF) begins after the thirty-
first week. Cells containing only adult hemoglobin are seen in the fetal
circulation at the thirty-seventh and thirty-eighth weeks of pregnancy. Syn-
thesis of fetal cells stops after the fortieth week of intra-uterine life, but the
formation of cells containing both fetal and adult hemoglobin continues
until the fourth month after birth, and decreases from then on. After the
age of two years, fetal Hb composes only two per cent of the total hemoglobin.

Since erythropoiesis takes place mostly in the fetal liver, spleen and
bone marrow, some investigators tried to establish a relation between HbF
synthesis and erythropoiesis in the liver.? Other investigators however noted a
decrease in the percentage of fetal hemoglobin in cases of erythroblastosis
despite increased erythropoiesis in the liver.3—*

Although there may be other explanations of this phenomenon, the most
logical one seems to be that, as the fetus grows older, there is a decrease in
‘the production of erythrocytes containing HbF in the bone marrow. The
ferroprotoporphyrin ring is the same in both HbF and HbA, the main differ-
ence being a gamma chain synthesis in the former and a beta chain synthesis
in the latter in the globin molecules. ? Gamma chain synthesis in the fetus
decreases or stops after a certain period, and beta chain, and in small quan-

titics, delta chain synthesis takes place, forming HbA, and in small quan-
titics, Hb A,.
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These two kinds of hcmogloi)in are differentiated by their antigenic
characteristics, spced in color chromatography,® diflerences in amino
acid sequences,? solubility, crystallography, and x-ray diffraction. These
tests indicate that the molecules of the two types of hemoglobin have dif-
ferent primary and tertiary structures. They can be differentiated quite sim-
ply by their resistance to alkali 9 and by electrophoretic mobilities. 1° In elect-
rophoresis, HbF migrates more slowly (pH 8.6 buffer) than HbA. Further-
more, it is known that denaturation of HbF with alkaline substances takes
considerably longer than that of HbA. This characteristic makes diagnosis
of “swallowed blood syndrome” in newborns quite easy.

The percentage of fetal hemoglobin becomes abnormally high in many
hematologic disorders. A marked elevation is seen in patients with beta
thalassemia major and with persistent high fetal hemoglobin syndrome. !z
It may also be high in patients with certain hemolytic anemias, sickle cell
ancmia, and in some cases of spherocytosis. It is rarely encountered in heredi-
tary non-spherocytic hemolytic anemia.'* An increase in fetal hemoglobin
is also reported in some cases of leukemia.!4 A rise in HbF in aplastic anemia
may serve as an important factor in the differential diagnosis of this disease
and in determining the prognosis in cases of acquired aplastic anemia.!s

In sickle cell anemia, a high ratio of fetal hemoglobin helps to minimize
the formation of sickle cells in vitro and also alleviates the clinical symptoms
of the disease.!* An increase in the percentage of cells containing fetal he-
moglobin following an aplastic crisis scems to support this view.'?

Chemical tests have proved that fetal hemoglobin in various hemolytic
diseases is not structurally different from the fetal hemoglobin in the fetus. 11718
It follows therefore that in the disorders in which fetal hemoglobin increases,
either the transition from HbF to HbA does not occur (beta thalassemia
major or persistent high fetal Hb syndrome) or there is a regression to HbF
synthesis (acquired aplastic anemia).

Fetal hemoglobin is resistant to both alkali and acids. The resistance to
alkali can be demonstrated by chemical methods, such as Singer’s method,
and resistance to acid can be determined by the acid elution method, which
differentiates those erythrocytes carrying HbF.1

In using this technique care must be taken to sprecad the specimen in
such a way that the erythrocytes will not lic on top of each other. The pH
of the buffer solution should be kept between 3.2 and 3.4, and the specimen
should be stained within 60 minutes. An incrcase of up to 100 per cent
of HbF-containing cells could falsely be produced if the smears are not
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asc deficiency, where the activity of this enzyme in red blood cells differs
from one cell to another.?

Although the amount of HbF shows no increase in beta thalassemia
minor when measured by Singer’s method, the acid clution method indicates
an increasc in the number of cells containing HbF and is quite useful in
diagnosing the disease.

The acid elution mecthod is also useful in diagnosing materno-fetal trans-
fusions, since it recadily demonstrates the presence of an increased number of
erythrocytes containing HbA in the circulation of the newborn. The tech-
nique is also useful in cases of feto-maternal hemorrhage, which is one of
the causes of anemia in the newborn period. This method, together with
other serological tests, is of great diagnostic value.?

Comparison of the two mcthods has been made by various authors in
a variety of diseases. Kiasoglou and his colleagues determined the amount
of HbF in the blood of 82 persons, of whom 19 were healthy and 63 were
suffering from various blood disorders.?® They were able to demonstrate that
in paticnts with high HbF levels, there was also a proportional increase in
the number of fetal hemoglobin-containing red blood cells. They also indi-
cated that the staining technique gives somewhat higher percentages than
Singer’s method.

We have also compared the two methods, using cord blood and capil-
lary samples from 98 newborns. Cord blood was used for HbF determination
by Singer’s method, and peripheral smears werc used for the acid elution
technique. The staining was done not later than one hour after the samples
were obtained. The results of this study are given in Figures 2 and 3. It can
be seen clearly that the number of cells containing fetal hemoglobin is
significantly higher when calculated by the acid elution method as compared
to Singer’s method. Although it was not possible to obtain complete
correlation between these two determinations, as a whole the results
are comparable. This study confirms the results obtained by Zipursky and
his colleagues.*

Fetal hemoglobin determinations by the two methods are compared
in Figure 4. Here, the specimens were obtained from ten normal newborns
and ten infants with neonatal hyperbilirubinemia. Both methods indicated
a higher level of HbF in the jaundiced infants when compared to the normal
ones. Blood samples from newborns with hyperbilirubinemia were obtained
before exchange transfusions were given. Hemoglobin levels in these infants
were between 15 and 17 Gm per cent, and there was no evidence of eryth-
roblastosis. Since it has been reported that there is a relative decrease in
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3. It is also useful in the diagnosis of persistent high fetal hemoglobin
syndrome, since this syndrome is characterized by almost equal distribu-
tion of fetal hemoglobin in the red cells.

4. It confirms the theory that both HbA and HbF are produced by the same
cells.

5. It has a definite diagnostic value in cases of feto-maternal and materno-
fetal hemorrhages.

Summary

In this paper the literature in this subject is reviewed, and the results
of a comparative study of the two methods of fetal Hb determination are
presented. It is concluded that the two methods give comparable results, al-
though the acid elution method has certain practical advantages over
Singer’s method.
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