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ACUTE TRANSITORY ERYTHROBLASTOPENIA IN KWASHIORKOR
P. B. NEAME, M.B., CH.B. (CAPE TOWN), Senior Lecturer in Haematology, Department of Pathology, AND J. C.
SIMSON, M.D. (GLASG.), M.R.C.P. (EDIN.), Senior Registrar and Clinical Tutor, Department of Paediatrics and Child

Health, University of Natal and King Edward VIII Hospital, Durban

Acute transitory erythroblastopenia (A.T.E.), or aplastic
crisis, was first reported in kwashiorkor patients by Kho
Lien-Keng1 at Djarkarta in 1957. We first noted it in 1960,
and soon realized that it was not an uncommon finding in
such patients.2 WaIt et al.s independently· noted similar
findings in Durban, while Foy et al.4 recorded a red-cell
aplasia (seemingly of different type) in kwashiorkor cases
in Kenya. Some years earlier, an acute transitory cessation
of red-cell production had been noted in association with
congenital haemolytic jaundice by Owren5 in 1948, and
with various infections and toxic and allergic conditions
by Gasser6 in 1949. Later, erythroblastopenia was
described in association with sickle-cell anaemia,7, 8 haemo
globin-E thalassaemia9 and typhoid,1O

The crisis is characterized by sudden reticulocytopenia
and absence of polychromatic cells in the blood; which
continues for about 10 days. The bone marrow shows
almost complete absence of the erythroid series. Occasional
proerythroblasts are found and, in most cases, giant cells
resembling pronormoblasts or primitive reticular elements,
which have been called giant proerythroblasts.

This paper records the haematological findings in 102
cases of acute transitory erythroblastopenia studied over
the past 3 years at King Edward VIII and Clairwood
Hospitals, Durban. The purpose of the study was to
observe the changes in the blood and bone marrow occur
ring just before, during, and after the aplastic crisis. The
clinical findings will be described in a subsequent paper.

MATERIAL, INVESTIGATIONS AND METHODS

One hundred and two kwashiorkor patients conforming to
the criteria of Brock et alP and in whom acute transitory
erythroblastopenia was found, were studied from 1960 till
1963.

Blood was obtained from the internal or external jugular
vein in all patients. The following investigations were
performed in the majority of patients.

1. Haematological investigation included a weekly full
blood count, reticulocyte count, and platelet count, and
in most cases a weekly bone-marrow aspiration. Daily
haemoglobin and reticulocyte counts were performed by
skin puncture. In some patients, more frequent white
blood-cell counts, platelet counts and differential smears
were done. In 32 cases serial marrow aspirations were

performed in order that the bone-marrow changes might
be studied just before, during, and after the aplastic
crisis.

Standard haematological methods were used. The platelet
count was done by a formol-citrate diluent method using
a 1: 100 dilution of venous blood, and was controlled by
examining direct blood smears (normal = 150,000 - 450,000
per cu.mm.). The marrow was aspirated by iliac puncture
and stained with May-Griinwald Giemsa.

2. Serum iron was estimated weekly by the method
described by Peters et al.12 and marrow-haemosiderin
grading as described by Rath and Finch.ls

RESULTS

1. Haematological Findings

Acute transitory erythroblastopenia occurred both in
normoblastic and in megaloblastic marrows. The sequence
of events consisted of a degenerative phase, an aplastic
phase, and a recovery phase.

Degenerative Phase

Marrow aspirations from 27 cases were studied during
the degenerative phase. Of these marrows 16 were megalo
blastic and 11 were normoblastic. At the onset, there was
a sudden and rapid degeneration of the erythroid precur
sors in the bone marrow. This change apparently took
place over a period of 24 - 72 hours. At first degeneration
occurred among the polychromatic and basophilic cells,
but an equally severe degeneration of the earlier members
of the erythroid series soon followed. Many of the cells
undergoing degeneration showed lustreless nuclei with
irregular clumping of the chromatin (karyolysis), while
other cells showed homogeneous nuclei (Fig. I). The cyto
plasm of these cells was often fragmented and, in some of
the late normoblasts, basophilic stippling was noted. It will
be seen from a study of Table I that the rapid degeneration
is confirmed by the myeloid: erythroid ratios of the serial
marrow aspirations (Figs. 2A, 2B and 2C).

In some normoblastic marrows, during this period of
degeneration a few multinucleated and larger cells
appeared, and at this stage it was sometimes difficult to
decide whether the marrows were not, in fact, partially
megaloblastic. The larger cells resembled megaloblasts
because of the large size of the nucleus and irregular
staining of the nuclear chromatin.
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In addition, giant proerythroblasts (25 - 50,u) and giant
reticulum cells (40 - 6O,u) became apparent, and were

Fig. 1. Erythroid cells in the degenerative phase.

easily found under low-power microscopic examination.
The former resembled the pronormoblast (Fig. 3), but was
sometimes similar to a promegaloblast, having a more
'open' nuclear structure (Fig. 4). The latter type was

Fig. 2. Serial marrow aspirations, case 57, group D (x 6(0).

A. Bone marrow on 5 December 1962. Early degenerative
phase, showing cells resembling megaloblasts.

B. Bone marrow on 6 December. Degenerative phase,
showing large degenerating erythroid cells, not seen in
Fig. 2A.

C. Bone marrow on 7 December. Aplastic phase, showing
absence of erythroid cells. Two nuclear remains can
be seen.

D. Bone marrow on 20 December. Recovery phase, showing
normoblastic hyperplasia.

probably a giant proerythroblast showing degenerative
changes (karyolysis). The cytoplasm of the cell that re
sembled the pronormoblast was dark blue and sometimes
contained vacuoles, while the cytoplasm of the other type
was light blue in colour. The nucleoli of all the giant cells
were large, and in some a very large single nucleolus was

Fig. 3. Giant proerythroblast (37·5.11), with large nucleus
(25,u) containing nucleoli, and dark blue cytoplasm.

present. The giant proerythroblasts were more numerous
at the beginning of the aplastic crisis, and seemed to
decrease in number during the succeeding period. It
appeared from serial marrow studies that many of these
cells degenerated (Table I).

During the degenerative phase the peripheral blood quite
often showed a reticulocytosis (Fig. 5), but this was
followed, sometimes very suddenly, by a reticulocytopenia.
During this early period it was not possible to diagnose
the aplastic crisis from the blood findings.

Fig. 4. Giant proerythroblast (25,u), with the nucleus
(20,u) showing 'open' chromatin network and containing
a large single nucleolus. The cytoplasm stained light blue.

Aplastic Phase

Marrow aspirations were studied from 85 cases in the
aplastic phase. This stage was merely a continuation of
the degenerative phase, with the erythroid cells almost
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TABLE I. (CASE I, GROUP D), SHOWING MYELOID: ERYTHROID RATIOS, THE DIFFERENTIAL DISTRIBUTION OF THE ERYTHROID CELLS IN
SERIAL MARROW ASPIRATIONS, AND THE HAEMOGLOBIN AND RETICULOCYTE COUNT OF THE BLOOD

It 2 4 9 12 13 14 16 17 18 20

Blood:
Haemoglobin G. per 100 mt. 6'0 5 ·3 5 '3 5'3 5 '1 4·6 4'0 8·4 7·9 8·4 8 ·2 9·3
Reticulocytes % .. 7'2 10·2 7 '6 1·2 0'6 0·0 0'0 2'2 4·6 9'4 14·8 5 '8 4·0

Ret;cu/ocytopenia

Marrow aspirations:
M : E ratio (1,000 cells) .. 3:1 9:1 50:1 1,000:1 1-3:1

Differelltial distribution ofthe erythroid
cells: %
Reticulum cell 0'5 (0%); 0'0 (O%lt g§ 0 0'0(0%);
Giant proerythroblast 0'5 (0%) 8'0 (81 %) 0 0'0(0%)
Proerythroblast 1'0(0%) 14'0 (89%) 1(100%); 0 0'4(0%)
Basophilic erythroblast .. 13·0 (85%) 23'5 (98%) 1 (100%) 0 2'4(0%)
Polychromatic erythroblast 69'0(61%) 34'5 (100 %) 2 (100%) 0 14'6(0%)
Orthocbromatic erythroblast 13'5(4%) 19'5 (95 %) 16 (100%) I (lOOn 82'4 (0%)
Multinucleated cells 2 '5 0'5 0 0
Remnant nuclei among 1:000 ceils 53 54 92 0 0
Total % degenerate erythroid ceUs 54 95 +95 100 0

*65 ml. of packed cells administered on tbe I2tb day from recognition of aplastic crisis.
tDay when onset of aplastic crisis was recognized-11th day in hospital. tPercentage of cells showing degenerate changes.
§Only 20 erythroid series in 1,000 cells counted.

completely disappearing from the marrow. The erythroid
cells became shrunken and distorted, their cytoplasm
disintegrated, and free nuclear remains increased in
number. During the crisis an occasional giant proerythro
blast and a few proerythroblasts were present. The number
of giant proerythroblasts varied from 1: 1,000 to 6: 1,000.
In 20 cases giant proerythroblasts were not observed, and
in these instances proerythroblasts in varying numbers
were noted. In 45 cases large reticulum cells (Fig. 6) were
seen, and in 4 cases there was an increase in the number of
plasma cells. Toxic granulation and a shift to the left was
present in the majority of cases, while megakaryocytes

were usually observed in normal or increased numbers. In
some cases a few abnormal mitoses were noted (Fig. 7).

During the aplastic phase complete absence of reticulo
cytes was quite common and lasted from 5 to 17 days,
most commonly 7 - 10 days. At the commencement of the
aplastic crisis the haemoglobin varied from 3·5 to 12 G.
per 100 ml. and during the crisis the haemoglobin dropped,
in most cases by 0·5 -1·5 G. per 100 ml., but by as much as
4 G. per 100 ml. in one case. The peripheral blood during
this period showed no polychromatic cells. There was no
accompanying leukopenia, and thrombocytopenia was
noted in only 4 cases. In fact, in some cases there was a
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Fig. 5. Group B. Average values of 17 cases of acute transitory erythroblastopenia, including the serum total protein.
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thrombocytosis and this finding, in association with an
absence of the polychromatic cells, occasionally led to the
diagnosis.

Fig. 6. Giant reticulum cell (cell 42·5.u), nucleus (26·5.u).

Recovery Phase
Marrow aspirations were studied from 40 cases during

the recovery phase. The most obvious sign of recovery
(which occurred without specific therapy) was the re
appearance of numerous proerythroblasts. After this, all
members of the erythroid series appeared in sequence, and
an erythroid hyperplasia occurred. In all but one of the
cases studied, maturation was normoblastic in type. It is
of interest that some of these cases had been regarded as
megaloblastic during the degenerative phase (Figs. 2A and
20).

An increase in reticulocytes in the peripheral blood
followed about 4 days after the appearance of numerous
proerythroblasts in the marrow (Fig. 5). In some cases a
granular leukocytosis, sometimes with a shift to the left,

Fig. 7. Large cell with basophilic cytoplasm, showing a
multipolar mitosis.

and an increase in the number of platelets, were noted
just before the increase in the reticulocytes. At the same
time, in certain cases, numerous nucleated red cells
appeared in the blood; in one case the total number of

nucleated cells was as high as 60,000 per cU.mm., of
which 23,000 per cu.mm. were nucleated red cells. The
presence of nucleated red cells and of the early granular
series was of variable but usually short duration, and
smears taken daily showed marked differences both in
type and number of cells. The features were compatible
with those that follow increased marrow stimulation.

2. Serum Iron and Marrow Haemosiderin
Serum-iron values were usually high during the erythro

blastopenic phase, but dropped, often to very low levels,
during recovery from the aplastic crisis (Fig. 5). The
marrow haemosiderin gradings corresponded.

COMMENT

Patients about to undergo aplastic crises can be recognized
by the appearance in the bone marrow of giant proerythro
blasts, and by the degenerative changes in many of the
other erythroid cells, whether normoblastic or megaloblas
tic in type. It is probable that the giant proerythroblast is
only present during an aplastic crisis; we have never noted
this type of cell in any other condition. It is probably a
polyploid cell14 that has undergone endomitosis and, thus
failing to divide, has doubled in size.

It is of interest that some of the cases that have been
regarded as megaloblastic during the degenerative phase
have shown a normoblastic hyperplasia during the re
covery phase of the aplastic crisis. The nucleus of this type
of megaloblast has usually shown irregular clumping of
the chromatin and has differed from the scroll-like pattern
of the typical megaloblast. In addition, changes in the
granular series have not been marked, and in most cases
the platelets have been present in normal or increased
numbers. We wonder, therefore, whether these marrows
have been megaloblastic in the sense of B12 or folic
acid deficiency. The morphological differences in the ery
throid series, however, have probably been the result of
added degenerative changes (karyolysis). What is important
is the fact that these cases that are about to undergo an
aplastic crisis can be recognized by the degenerative
changes in many of the erythroid cells and by the
appearance of giant proerythroblasts, and can thus be
distinguished from the type of megaloblastic marrow that
will respond to the administration of folic acid.

Acute transitory erythroblastopenia should be distin
guished from a hypoplasia, also seen in kwashiorkor, in
volving all stages of erythroid development, and which
probably results from protein deficiency.2,15 In the latter
condition there is often an associated lymphocytosis and
sometimes thrombocytopenia.

Finally it must be emphasized that after an aplastic
crisis erythroid hyperplasia, marked reticulocytosis, and
rise in haemoglobin level, occur spontaneously. There is a
danger of erroneously attributing this reaction to a re
sponse to some haematinic principle administered during
the aplastic crisis, or to recovery following the withdrawal
of a 'toxic' drug.

SUMMARY

The haematological findings are described in 102 cases of
acute transitory erythroblastopenia (A.T.E.) associated
with kwashiorkor. The condition was found to occur both
in normoblastic and megaloblastic marrows, and consisted
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of a degenerative phase, an aplastic phase, and a recovery
phase. During the deg.enerative and aplastic phases giant
proerythroblasts (25 - 50,u) and giant reticulum cells (40
60,u) were usually present and, apart from an occasional
proerythroblast, members of the erythroid series dis
appeared from the bone marrow. The peripheral blood
was characterized by a reticulocytopenia of about 10 days'
duration. It was possible to differentiate the megaloblastic
marrows that were about to undergo an aplastic crisis
from those that would respond to folic-acid therapy.

We wish to thank Dr. Frank Wait, Professors E. B. Adams,
J. Wainwright, and H. L. Wallace, and Drs. E. E. Naude and
D. Pirie, for their help; Miss S. Smit, Miss A. Dorling, and Mr.
B. Mabandla, for their technical assistance; and Mr. C. R.
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SUMMARIES OF SCIENTIFIC PAPERS
The following are summaries of the proceedings of the 11th meeting of the Experimental Biology Group (EBG) held on
14 February 1964:

SEPARATION OF PARTICLES BY ELECTROPHORESIS THROUGH DIFFERENT CONCENTRATIONS
OF AGAROSE

B. RUSSELL AND J. LEVITT, Virus Research Unit, Medical School, Cape Town

It has been shown that the pore size of agar gel diminishes as
the concentration is increased.! By using a potential gradient as
the force to drive particles through a series of agarose gels of
increasing concentration, it should be possible to separate a
mixture into fractions of more or less homogeneous particle
size. Agarose, the neutral galactose polymer of agar, is
especially useful for electrophoresis since undesired e1ectroen
dosmotic effects are virtually eliminated. The preparation of
agarose by precipitation with polyethylene glycol has been
described.2

Different concentrations of agarose were dissolved in borate
buffer, pH 8.63; and sieving layers, 0·5 cm. thick, were· formed
in a convenient apparatus with the highest concentration of
agarose at the bottom of the column and 0·5% agarose separat
ing each sieve. The mixture to be separated was diluted with
agarose at 38°C to give a 0·25% solution, which was allowed
to gel at the top of the column and covered with 0·5% agarose.
The rest of the apparatus, filled with borate buffer, pH 8·6,
connected the agarose column to electrode vessels containing
silver- silver chloride-electrodes covered with saturated NaCl.
Electrophoresis was continued for 25 - 26 hours with a current
of IS mA (10 volts/cm.).

By means of this technique, the particles in a mixture of

pantropic Rift Valley fever virus (pRVF, 70 mu), and enteric
cytopathogenic bovine orphan virus, ECBO I (30 mll), were
separated by using a series of agarose gels varying in concen
tration between 0·5 and 10%. These two viruses have almost
identical electrophoretic mobilities in sucrose gradients at pH
8.64,5 but PRVF was held back at the 0·5% agarose level and
ECBO I concentrated at the 8% agarose level.

In another experiment, MEF, poliovirus concentrated at the
3% agarose level when allowed to migrate through a series of
agarose gels ranging in concentration from I to 6%. MEF,
virus has approximately half the mobility of ECBO I in zone
electrophoresis at pH 8.6.3 '\'hen ECBO I, which has the same
particle size as MEF" was tested at the same potential gradient
over the same range of gel concentrations, it migrated to the
6% agarose level. Therefore, although this is a useful method
for separating particles of different size, the electrophoretic
mobilities of all constituents of a mixture need to be taken into
consideration when using this technique.

1. Poison, A. (1956): Bioohim. biophys. ACla (Amst.). 19, 53.
2. Russell, B., Mead, T. H. and Poison. A. (1964): Ibid .. in the press.
3. Poison, A., and Decks, D. (1962): J. Hyg. (Lond.), 60, 217.
4. Poison, A .. and Kipps. A. In prepaJation.
5. Levill, J .. Naude, W. du T., a:1d Poison. A. (1963): Virology. 20, 530.

THE OCCURRENCE OF PHOSPHATE-DISSOLVING BACTERIA IN SOIL AND ON PLANT ROOTS
H. A. Louw AND ANTOINETTE ERASMUs, Department of Microbiology, Faculty of Agriculture, University of Sle/lellbosch

Six hundred and seventy-three bacterial isolates have been
isolated from soil and the roots of wheat (Triticum sativum)
and lupin (Lupinus angus/ifo/ius var. S.E. Blue) using the
method of Louw and Webley.2 The plants were grown in
Mitscherlich pots4 using a mixture of one part of sand to two
parts of soil by volume. All the pots received the same basal
dressing of macronutrients,2 except that nitrogen was omitted
in the case of the legume. The seed of the latter was inoculated
intmediately before planting with inoculant. The following
phosphate treatments were applied: No phosphate, monocal
cium phosphate, and tricalcium phosphate. The phosphate was
added as 1·2 G. P,O. per pot. A few pots from each phosphate
treatment were kept as uncroppcd controls.

The bacterial floras in the uncropped soil and on the roots
of the plants were counted by the plate-dilution method at
different stages of plant growth. The isolates were isolated
from the pots treated with monocalcium phosphate and trical
cium phosphate when the plants were 14 weeks old. Their
ability to dissolve insoluble calcium carbonate, dicalcium phos-

phate, tricaJcium phosphate and hydroxyapatite was studied
under pure culture conditions by means of the techniques
developed by Louw and Webley.l, 3

The plate count of the general bacterial flora on the roots of
both plants increased markedly during the growing period of
the plants, lupin roots showing the greatest increase. No in
crease was observed in the uncropped soil. The proportion of
calcium carbonate and phosphate-dissolving bacteria was much
greater on the plant roots than in the soil away from the
roots. This particularly applied to lupin roots. The groups of
bacteria mainly responsible for dissolving the phosphates were
Gram negative short rods «nd pleomorphic types. Although the
proportion of short rods was greater on plant roots, especially
on lupin roots, the pleomorphic types seemed to be better
dissolvers of insoluble phosphate.

1. Louw, H. A. and Webley, D. M. (1958): Nalure (Lond.), 182, 1317.
2. Idem (1959): J. Appl. Bact., 22, 216.
3. Idem (1959): Ibid., 22, 227.
4. Stewart. R. (1932): Teeh Commun. Bur. Soil Sei .. Harpenden '0. 25.




