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Summary bone marrow failure (7. 16) or in states of r a ~ i d  bone marrow 
% .  ' 

recovery from aplasia after bone marrow transplantation (1, 3, 
Fetal-like erythropoiesis frequently accompanies marrow stress 17). The term "fetal-like" is used because the erythrocytes may 

conditions such a s  Diamond-Blackfan syndrome and aplastic ane- express only one and not all of the characteristics of fetal red 
mia. In contrast, patients with transient erythroblastopenia of blood cells. 
childhood have erythrocytes which lack fetal characteristics at the To if fetal-like erythropoiesis accompanies bone mar- 
time of diagnosis. This report describes nine children with transient row recovery from other hypoplastic states, we studied children 
erythroblastopenia of childhood in whom transient, fetal-like eryth- with transient erythroblastopenia of childhood (TEC) from the 

was observed during the period These pa- tirne of presentation to full recovery, TEC is an unusual disease of 
tients initially presented with anemia, reticulocytopenia, erythro- infants and young children, characterized by the insidious onset 
cytes of normal size for age, low levels of fetal hemoglobin, and of hypoproliferative anemia without decreases in leukocyte and 
i-antigen. During the recovery period, however, erythrocytes man- platelet production. Although the anemia may be quite severe at 
ifested one or more fetal characteristics. These included an in- presentation, rapid and complete recovery is the rule with per- 
creased fetal hemoglobin (in three of five patients), the presence manent restoration of normal hematopoiesis (2, 11, 19, 23, 25, 26). of i-antigen (in four of six patients), and macrocytosis (in seven of Wang and Mentnr demonstrated that patients with TEC 
nine patients). These fetal characteristics persisted more than 2 have erythrocytes with "adult" characteristics at the time of di- wk after the reticulocyte count returned to normal. Within one agnosis. We wished to determine whether these adult character- 
year from diagnosis, red contained no fetal character- istics during the recovery phase, Instead, we found that 
istics. recovery in TEC is accompanied by transient fetal-like erythro- 

poiesis. 
Speculation 

The observations reported here suggest that "fetal-like" red MATERIALS AND METHODS 
blood cell characteristics may represent a normal response pattern 
during recovery from marrow hypoplasia. If this hypothesis is We studied all patients with a diagnosis of TEC who were seen 
correct, similar fetal erythrocyte characteristics should be present at the Children's Hospital Medical Center between 197 1 and 1978. 
in red blood cells of patients recovering from marrow hypoplasia There were three males and six females. Diagnosis was established 
of various etiologies (e.g., hypoplastic crises complicating hemo- on the basis of: (1) normocytic, normochromic anemia with ab- 
lytic anemias). The great variability in degree and duration of sence of reticul0cyt0sis; (2) absence and/or severe deficiency of 
"fetal characteristics" may reflect differences in the regulation of erythroblasts in bone marrow aspirates with otherwise normal 
the proliferating erythroid compartment during recovery among elements Present; (3) lack of evidence of underlying hemolytic 
individual patients. Although the significance of "fetal-like eryth- process or other hematologic disease before the onset of illness or 
ropoiesis" during recovery remains to be defined, it may provide after recovery; and (4) rapid and durable recovery of normal 
clues to the regulation of hemoglobin synthesis. erythropoiesis. Clinical and laboratory information from 29 pa- 

tients with Diamond-Blackfan syndrome (DBS) followed at Chil- 
dren's Hospital Medical Center during the same time period were 

Fetal red blood cells differ from the erythrocytes produced after reviewed for comparison (1, 2). These patients were characterized 
birth in several ways. Hemoglobin F (azyz), the major constituent by chronic anemia of greater than 6 months duration requiring 
of red cells during intra-uterine life, is replaced during infancy by steroids and/or transfusions for several years-usually lifelong. 
hemoglobin A (azbn), and the minor adult hemoglobin A2 (~~262). All studies were approved by the Human Investigation Committee 
Fetal erythrocytes are larger (MCV = 140 p" at 20 wk gestation of the Children's Hospital Medical Center. 
compared to 85 $ i n  adults) and have shorter life spans than do During follow-up, several parameters were assessed at frequent 
their adult counterparts (80 days versus 120 days). The surfaces of intervals. Blood counts, indices, and reticulocyte counts were 
adult erythrocytes express I-antigen, whereas fetal erythrocyte measured with standard methods, and compared with age-appro- 
surfaces are characterized by i-antigen. Fetal red blood cells are priate normal values (24). Fetal hemoglobin was quantified by 
also deficient in carbonic anhydrase and have characteristic levels alkali denaturation (18). Numbers of cells containing fetal hemo- 
of other enzymes (13). These fetal erythrocyte characteristics globin were assessed by the acid elution technique (10) using a kit 
normally disappear during the first year of life. However, fetal- purchased from Boehringer-Mannheim. Titer of red cell i-antigen 
like erythropoiesis reappears in older children and adults with a reactivity was determined using five-fold dilutions of anti-i serum 
variety of hematologic disorders including bone marrow failure, (Den) beginning with a 1/50 dilution in saline (3). Adult blood is 
as well as neoplastic and preneoplastic conditions. In juvenile negative at 1/50, and cord blood is positive at  '/12:,0 to l/li251) dilutions 
chronic myelogenous leukemia, there is a progressive increase in of the anti-i. 
fetal erythroid characteristics due to the expansion of a malignant Age-related normal values for MCV were from Dallman and 
clone of stem cells (21). Fetal-like erythropoiesis has also been Siimes (6); alkali denaturation was from Colombo et al. (5) and i- 
found to occur during periods of bone marrow stress, either during titer was from Marsh (12). 
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Table 1. Data at the time o f  oresentation o f  oatients with TEC 

No. Patient Sex 

Hemato- 
crit 

18.3 
16.9 
12.8 
16.3 
25.1 
10.7 
21.6 
21.6 
17.1 

MCV 

017 
77 
82 
80 
79 
78 
70 
82 
8 1 
8 1 

White 
blood cells 
per rnm3 

7,@30 
6,300 

1 1,900 
9,500 
8,500 
7,500 
5,600 
6,500 
9,100 

Platelets 
per mm" 

429,000 
ND 

653,000 
423,000 
460,000 
663,000 
496,000 
650,000 
70 1,000 

i titer 

ND' 
ND 

<1/50 
< 1 /50 
<1/50 
ND 

<1/50 
11/50 
<1/50 

Acid- 
resistant 
cells (%) 

ND 
ND 

0 
4 
2 

ND 
< 1 

5 
1 

Blood 

tY Pe 

AB+ 
ND 
A+ 
o+ 
ND 
A+ 
B+ 
ND 
AB+ 

' N.D., not done. 

RESULTS 

Nine patients with TEC were studied. The data at the time of 
presentation are summarized in Table 1. Virtually all of the 
patients were in the second and third years of life. The range was 
from 19 to 41 months, and the mean was 27 months. The ages at 
the time of presentation of our patients with TEC and DBS are 
shown in Figure 1. The age peaks for DBS and TEC are obviously 
distinct; however, three patients with DBS presented between the 
ages of 18 months and 4 years, well within the TEC age range. 

At the time of diagnosis, all eight patients in whom platelet 
counts were performed demonstrated mild-to-moderate throm- 
bocytosis (Table 1). Although this finding remains unexplained, 
markedly elevated platelet counts are often found in DBS as well 
(2). All nine TEC patients had erythrocyte mean cell volumes that 
were normal for age. Levels of i-antigen were not increased, and 
levels of fetal hemoglobin were essentially normal for age. The 
previously noted association of TEC with blood group A (23) was 
not confirmed in this small study. 

Six of nine patients were feit to be sufficiently symptomatic 
from their anemia to require a single transfusion of packed red 
cells (Table 2). Four patients were treated with prednisone for 
relatively short periods, but this did not seem to shorten the time 
to hematopoietic recovery. In all patients, reticulocytes appeared 
in the peripheral blood within 1 month of presentation and in four 
cases, within the first wk. Figure 2 shows the course of a repre- 
sentative patient who was transfused and treated with prednisone. 
Reticulocytes soon appeared and peaked at 3 wk. Total hemoglo- 
bin rose slowly. The MCV rose with the reticulocytes, but large 
cells for age persisted for more than 100 days. Fetal hemoglobin 
and i-antigen also rose and remained elevated for several weeks. 
Thus, the recovery of this patient was associated with a wave of 
fetal-like erythropoiesis which eventually disappeared. 

Several patients were followed closely during the period of 
hematologic recovery. The data are shown in Table 2 and Figure 
3. The patients had a short-lived but brisk reticulocytosis followed 
by normalization of hemoglobin levels and return of reticulocyte 
percentage to normal. The reticulocytosis was accompanied by a 
rise in the MCV, which remained elevated in seven of eight 
patients long after the reticulocytes had disappeared and slowly 
returned to normal over a period of approximately 100 to 200 
days. Three of five patients tested demonstrated an elevation in 
percentage of hemoglobin F (by alkali denaturation) which fol- 
lowed the reticulocytosis. Three patients also had increased per- 
centage of hemoglobin F-containing cells on acid elution prepa- 
rations. Four of six patients tested had elevations in i-titer. The 
degree of anemia did not seem to affect the appearance of fetal 
characteristics during recovery because transfusions given to pa- 
tients 6 and 9 did not abort the subsequent wave of fetal cells. 

All patients for whom data were available (seven of nine) 
demonstrated at least one fetal characteristic during recovery, 
whereas the cells of patient 4 (S. G.)  demonstrated all three of the 
evaluated fetal characteristics. Patients followed for more than 
one year had return of adult erythropoiesis with normalization of 

AGE AT DIAGNOSIS 

0 male 
female 

MONTHS YEARS 

Fig. 1. Age at the time of diagnosis of 29 patients with DBS and nine 
patients with TEC. 0, male; B, female. 

0'1 i o  40 $O 80 160 lie 140 160 180 ~ O O  
transfusion 

L DAYS AFTER DIAGNOSIS 
prednisone 

Fig. 2. The course of a representative patient (S. G.) recovering from 
TEC. f, transfusion. D, prednisone. 
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Table 2. Data during recovery of patients with TEC 

Interval Maximum % 

to first Maximum acid- 
reticulocyte Maximum Maximum Hb F resistant Maximum 

No. Patient Transfusion Prednisone response MCV (p3) % Hb F (mg/dl) cells i titer 

1 J. J. + 1.5 mg/kg/day for 2 7 days 90 ND' ND ND ND 
wk, then taper 

2 C. H. - 5 days 95 5.2 525 ND ND 

3 J. H. + 2 mg/kg/day for 2 7 days 9 1 ND ND 0 1/1250 
wk 

4 S. G .  + 2 mg/kg/day for 1 21 days 93 6.9 883 14 1/1250 
wk, then taper 

5 J. M. - ND 83 ND ND ND <1/50 
6 A. G .  + 2 mg/kg/day for 6 3 1 days 96 3.1 298 1 1/1250 

wk then taper 
7 T. B. + ND ND ND ND ND ND 
8 L. P. - 6 days 92 11.5 1265 15 1/50 
9 B. T. + 10 davs 92 3.1 381 5 t1/50 

' ND, not done; not followed. 

TEC AT PEAK RESPONSE 

Acid Resistant , 
MCV HB F Cells - T~ter 

i 
100 

Fig. 3. Maximum values achieved by individual TEC patients for each 
of the red cell characteristics. (0) compared to age-appropriate normal 
range (I). Values at presentation are on left, values at peak response on 
right. Lines connect individual patients. 

MCV, disappearance of hemoglobin F and elevated i-titers; usu- 
ally this normalization occurred within 6 months. 

DISCUSSION 

Red blood cells produced during periods of hematopoietic stress 
have been shown previously to exhibit fetal-like characteristics. 
We now show that patients recovering from TEC demonstrated 
similar fetal-like erythrocyte characteristics. In each case, produc- 
tion of fetal cells occurred at the onset of marrow recovery. The 
pattern of fetal characteristics was variable, but the duration of 
fetal-like erythropoiesis was always brief. Although some of the 
patients were treated with prednisone, it is unlikely that steroid 
therapy played any role in the stimulation of fetal-like erythro- 
poiesis because similar fetal-like characteristics were seen in pa- 
tients who were untreated. Furthermore, fetal-like erythropoiesis 
appears during bone marrow recovery from aplasia after bone 
marrow transplantation without steroid therapy (3). There is no 
evidence that the clinical course of these patients was altered by 
prednisone therapy, and we do not recommend steroid therapy in 
this disorder. 

The patients with TEC clearly did not have DBS. The age of 
onset in TEC is later than in DBS. In TEC, 80% of cases present 
after one year of age (2), whereas 90% of those with DBS are 
diagnosed within the first year (2,7). However, because of overlap, 
age alone is insufficient for a definite diagnosis. 

None of the TEC patients had erythrocytes with fetal charac- 

teristics at the time of presentation. Wang and Mentzer (20) 
suggested that the absence of fetal characteristics could be used to 
distinguish patients with TEC from those with DBS. All of the 
patients with DBS in their series had erythrocytes with fetal 
characteristics, whereas only one of nine patients with TEC had 
elevated fetal hemoglobin, and one of five had an elevated i- 
antigen score. In that report, TEC patients were studied at presen- 
tation, whereas DBS patients were studied during steroid-main- 
tained remission. Our data suggest that attempts to distinguish 
between DBS and TEC on the basis of erythrocyte characteristics 
must be done only after consideration of the course of the disorder. 
Patients with DBS have fetal-like erythrocytes at all phases of 
their disease-at diagnosis, during recovery, and in steroid-main- 
tained or spontaneous remission (2). Patients with TEC can be 
expected to develop fetal-like erythrocyte characteristics during 
recovery which are indistinguishable from those found in patients 
with DBS. In fact, the single TEC patient in the Wang and 
Mentzer series who had elevated i-antigen and fetal hemoglobin 
was recovering and exhibiting reticulocytosis. 

The adult characteristics of erythrocytes of TEC patients at 
presentation contrast with the fetal parameters observed in pa- 
tients with aplastic anemia, who come to medical attention with 
similar degrees of anemia and thus with equally "stressed" he- 
matopoiesis. TEC may, in fact, result from a complete, albeit 
transient, cessation of erythropoiesis. Circulating erythrocytes 
which remain antedate the onset of the disease and demonstrate 
age-appropriate characteristics. In aplastic anemia, hematopoiesis 
continues although at a markedly reduced rate, and the fetal 
characteristics reflect the chronic limited marrow response to 
anemic stress. There is virtually no erythropoiesis in TEC until 
recovery, at which time there i s  a wav; of stiess erythropoiesis as 
the marrow is repopulated. 

The dramatic burst of fetal-like erythropoiesis during recovery 
from TEC is short-lived. Apparently, only the initial wave of 
reticulocytes possesses the fetal characteristics. Shortly thereafter, 
there is a switch over to adult erythropoiesis, whereas the eryth- 
rocytes with fetal-like characteristics disappear within one red cell 
life span. Dover et al. (8) studied two patients with TEC by anti- 
F single cell assays. Reticulocytes with hemoglobin F appeared 
early, matured into erythrocytes with hemoglobin F, and subse- 
quently declined. Similar results were reported by Papayannopou- 
lou et al. (15). 

The appearance of fetal-like erythrocytes during recovery from 
hypoplastic states is the subject of current laboratory investigation. 
Erythroid stem cells which are preprogrammed to produce fetal- 
like erythrocytes may have a selective advantage in repopulation 
of a hypoplastic marrow under the influence of high levels of 
erythropoietin. The intensive anemic strc-, may invoke rapid 
differentiation of primitive erythroid precursors that regularly 
express fetal hemoglobin and other fetal characteristics. The mar- 
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row of one patient (patient 9) was cultured in vitro at the time of 
her presentation when reticulocytes were absent from the blood, 
and simultaneous bone marrow aspirates showed only scant eryth- 
roid activity. The proliferating marrow cells in plasma clot culture 
synthesized significant amounts of hemoglobin F, in contrast with 
the absence of synthesis in cultured marrow cells from normal 
controls (4). This finding correlated well with the patient's clinical 
course; reticulocytosis began 1 wk later, and fetal characteristics 
appeared in the blood shortly thereafter. 

There is evidence to suggest that the individual fetal character- 
istics do not necessarily appear on the same erythrocytes during 
stress erythropoiesis. Selective enrichment of "fetal" cells by ag- 
glutination with anti-i serum did not enrich for hemoglobin F in 
a study of selected patients with marrow failure syndromes (1). 
Hillman and Giblett (9) noted the reappearance of "i" without 
concomitant rise in fetal hemoglobin in patients stressed by phle- 
botomy. Thus, it is possible that fetal erythropoiesis in TEC 
patients may involve all or only some fetal features. However, 
Papayannopoulou et al. (14) used double immunofluorescence to 
detect hemoglobin F and i-antigen, and found simultaneous 
expression of these fetal features early in recovery of patients with 
TEC, although this concordance was lost later on. Our patients 
did not have synchronous expression of all fetal characteristics, 
but we may have missed the early concordance. Weatherall et al. 
(22) proposed that a population of F-cells persists in normal 
adults. So-called reactivation of hemoglobin F synthesis results 
from differential growth of these cells. The early appearance of 
fetal-like characteristics during recovery from marrow hypoplasia 
results from the selective advantage retained by these F-cell 
precursors. It is unlikely that the reappearance of fetal-like eryth- 
ropoiesis results from the selective expansion of a single clone of 
F-cells. Stress erythropoiesis may, in fact, result in the expansion 
of several fetal-like clones, the progeny of each demonstrating one 
or more fetal characteristics. The control mechanism governing 
the appearance of each of the fetal features and possible interac- 
tions among them remains to be elucidated.. 
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