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Extract

Neutrophil lobe averages and hypersegmentation, bone marrow examinations, serum folate and
vitamin By, levels, and formiminoglutamic acid (FIGLU) excretion studies were performed in a group
of 55 infants and children with iron deficiency anemia, some with and some without thrombocyto-
penia. Increase lobe averages (>3.71) and hypersegmentation were found in 13 and 32 patients,
respectively. Twenty-five patients demonstrated some megaloblastic changes in their marrow. None
had decreased serum levels of vitamin By,; two were considered folic acid deficient, based on serum
folate assays (<3 ng/ml). Three had elevated urinary levels of FIGLU (> 6.6 umol/h). In only five
instances could a correlation be established between the morphologic and biochemical findings.The
presence or absence of thrombocytopenia did not appear to be related to megaloblastic morphologic
changes in the blood and bone marrow or to the number of bone marrow megakaryocytes.

Speculation
Itis postulated that some of the changes in peripheral blood and bone marrow found in iron deficiency

states are due to a relative lack of folate or vitamin B,, at the tissue level resulting from hyperplasia.
The exact mechanism for the thrombocytopenia is not clear.

Introduction

Thrombocytopenia, an unexplained complication of
iron deficiency anemia, is usually responsive to
therapy with iron [6, 14, 22]. Megaloblastoid bone
marrow changes and increased urinary excretion of
formiminoglutamic acid (FIGLU) have also been re-
ported in some of these cases [6]. In some patients with
megaloblastoid bone marrows, the initial platelet re-
sponse following iron therapy undergoes a rapid drop
succeeded by a secondary rise when therapy with fo-
late or vitamin B, is instituted. NAIMAN et al. [16] have
found a high incidence of both functional and histologic

abnormalities in the upper intestinal tract in infants
and children with nutritional iron deficiency anemia.
Malabsorption can impair the absorption of folic acid
and/or vitamin B,,. These facts led us to study folate
and vitamin B;, metabolism in patients with iron de-
ficiency anemia, both with and without thrombocyto-
penia.

Methods
Red blood cell counts, hemoglobins, hematocrits and

reticulocyte and phase microscopy platelet counts and
serum iron and iron binding capacities were done by
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standard methods {2, 18, 25]. Bone marrow particles
were stained with Wright’s stain. Bone marrow hemo-
siderin was estimated by scanning potassium ferro-
cyanide-stained smears [19]. Serum folate was deter-
mined by the aseptic addition method [7] using Lacto-
bacillus caset, the test being performed on blood speci-
mens obtained prior to administration of any anti-
biotics. Levels of vitamin B, , in serum were assayed by
the radioisotope dilution technique [11] using cobalt-
57 B,;- Urine for FIGLU determination was collected
for a period of five hours, starting three hours after a
histidine loading dose (200 mg/kg body weight) [3].
The FIGLU was assayed according to the method of
Tasor and WYNGARDEN [24] and expressed as micro-
moles excreted per hour. One observer (P.V.) examin-
ed the nuclear lobes in 100 neutrophils in each blood
smear. The lobe average was determined by dividing
the total number of lobes found by 100 [1, 8, 9]. The
coefficient of variation on repeated counts of the same
blood smear was 0.9 %. Hypersegmentation was con-
sidered present when more than three five-lobed neu-
trophils were found per 100 cells. The bone marrow
was examined for ‘open’ nuclei in the erythroid ele-
ments, Howell-Jolly bodies, nuclear hyperfragmenta-
tion or large metamyelocytes. Megakaryocyte numbers
were evaluated by scanning the bone marrow smear
under low power. The marrows were examined inde-
pendently by both authors and only those changes
which were noted by both were accepted. A marrow
was classified megaloblastoid if both myeloid and ery-
throid abnormalities were found.

Materials

Prior to transfusion or iron therapy, 55 patients who
were admitted to the Children’s Hospital of the Dis-
trict of Columbia with the diagnosis of iron deficiency
were studied by obtaining red cell indices, reticulocyte
and platelet counts, serum iron determinations, total
iron binding capacities, bone marrow examinations,
granulocyte lobe counts, FIGLU excretion, and assays
of folate and vitamin B,, in serum. The patients were
divided into four groups depending on the presence or
absence of thrombocytopenia and acute infection as
follows: Group I, iron deficiency without thrombocyto-
penia or infection; Group II, iron deficiency without
thrombocytopenia but with infection; Group III, iron
deficiency with thrombocytopenia but without infec-
tion; and Group IV, iron deficiency with thrombo-
cytopenia and infection (see tables I and II).
Granulocytic lobe counts, urinary FIGLU deter-
minations, and assays of folate and vitamin B, , in serum
were also performed on groups of normal children rang-
ing in age from 6 weeks to 17 years with a socioeconomic
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background similar to that of the patients. These con-
trols were obtained from a well-baby clinic and the
elective surgical ward of the hospital. All had normal
hemoglobin levels for their ages and were free of ob-
vious disease.

Results

Normal Children

Table I shows the results of the neutrophil lobe stu-
dies performed on normal children. Figures 1-4 show
the individual results of the granulocytic lobe averages,
serum folate, serum vitamin B,,, and FIGLU deter-
minations.

The mean lobe average for the normal children was
3.1640.32. This value is similar to that found by Her-~
BERT [13, 14] and by us [12] in normal adults. Ten of
the 56 normal children exhibited hypersegmentation.

The mean serum folate of the normal children was
10.38 ng/ml and the range was from 4.5 to 31.75 ng/ml.
In the adult, levels less than 5.0 ng/ml are suggestive of
folate deficiency, and levels less than 3.0 are indicative
of the deficiency state [8]. The results obtained by us
are slightly different from those obtained by Suojania
and Gross [23], who reported a mean of 11.37 and a
range of 4.12 to 21.25 ng/ml in a group of 24 children
from 1 to 6 years of age.

The mean serum vitamin By, level was 773 pg/ml.
The range obtained by us for normal children is some-
what higher than that reported by Lauv et al. [11] for
adults. This difference, however, is consistent with the
observations of KiLLANDER [10] and RoGER et al. [21]
which indicate that levels tend to be higher in the
young. Determinations of FIGLU excretion in 12 nor-
mal children ranged from 0.0 to 6.61 umole/h with a
mean of 1.85 umole/h.

Iron Deficiency Anemia Patients

The children with iron deficiency anemia ranged in
age from 6 months to 15 years. Forty-two were Negroes
and 13 were Caucasians. Thirty-five children were
male and 20 were female; the majority were infants
(<2 years of age). Most of them were from a low socio-
economic group. Twenty had birth weights below
five pounds and eight ounces. Of the entire group, four
demonstrated subnormal growth based on their ad-
mission weight. Four, eleven, five and eight patients in
Groups I, I, ITT, and IV, respectively, had inadequate
dietary histories in that they ingested little iron-con-
taining food. Three had evidence of neuromuscular
retardation. The stools of 13 patients were guaiac posi-
tive. In five infants and children, a definite bleeding
lesion was found by x-ray and/or laparotomy. Chronic
bleeding was the only explanation for the anemia in the
four adolescents in this study and was due to esophagi-
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tis secondary to hiatal hernia, duodenal ulcer, pan-
creatic tumor and multiple polyposis. Petechiae were
not seen in any of the patients. The spleen was found to
be palpable in five patients in Group I, four in Group
11, five in Group 11, and four in Group IV, and meas-
ured from 1 to 3 cm below the left costal margin.
There was no difference in the magnitude of splenic
enlargement among the various groups.

In Groups II and IV, acute infections encountered
were pneumonia, otitis media, gastroenteritis, tonsilli-
tis, urinary tract infections, and viral exanthemata. On
investigation, a specific bacterial or viral agent was
present in most cases.

Lobe average
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The results of the laboratory studies in these groups
are shown in tables I, I, and III and figures 1-4. In
all groups, the children with iron deficiency anemia
had hypochromic microcytic erythrocyte morphology
and indices, decreased serum iron and bone marrow
iron stores, and increased total iron binding capacity.
No significant differences were noted among the vari-
ous groups in reference to these parameters. The mean
hemoglobin level of the combined nonthrombocyto-
penic groups was somewhat higher than the mean for
the combined thrombocytopenic group (5.1 g% us
4.3 g %), but the difference was not statistically signifi-
cant (p >0.05).

Serum folate level ng/ml
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Fig. 1. Granulocyte lobe averages of normal children
and groups of iron-deficient patients.

Fig. 2. Levels of folate in serum of normal children and
groups of iron-deficient patients.
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Serum vitamin B,, level Pg/ml
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Fig. 3. Levels of vitamin B, in serum of normal children
and groups of iron-deficient patients.

FIGLU excretion yumole/h
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Thirteen anemic patients exhibited lobe averages
greater than the upper limits of the normal children.
The lobe averages of the normal children and Groups I
and IIT differed significantly (p <0.025 and <0.005),
but this was not the case between the normal children
and Groups II and IV. Significant differences, how-
ever, were present between normal children and all
four iron-deficient groups in reference to the frequency
of hypersegmentation (p <0.025, <0.005, <0.005,
<0.025 for each group respectively).

The bone marrows of 50 of the 55 patients exhibited
erythroid hyperplasia. Table III shows the results of
evaluation of the megaloblastoid changes and mega-
karyocytes in these bone marrows. Twenty-five of the
55 patients had mild myeloid and erythroid megalo-
blastoid marrow aberrations. Although the incidence
of megaloblastoid changes was greater in the combined
thrombocytopenia groups (Groups III and IV) thanin
the nonthrombocytopenia groups (Groups I and II),
the difference was not statistically significant. Decreas-
ed megakaryocytes, found in twelve instances, were
present in both thrombocytopenic and nonthrombo-
cytopenic children.

The mean folate and vitamin B,, levels in serum of
the normal subjects and patients with anemia did not
differ significantly. Two patients in Group IThad serum
folate levels of less than 3 ng/ml. Three patients with
iron deficiency anemia had increased FIGLU excre-
tion, one each in Groups I, IT and III, respectively.

Follow-up Observations

Serial platelet levels were performed on several of
the patients with thrombocytopenia.

(a) Three patients received iron medication by
mouth from the time of hospital admission in a dose of
2 mg/kg three times a day. The mean platelet count in
this group rose from 89,000/mm? to a mean of 570,000/
mm? on the sixth hospital day. This was associated with
a steady rise in the mean reticulocyte count which
reached a peak (13 %) on the fifth hospital day.

(b) In three other patients, iron therapy was with-
held and the children were maintained on a regular
hospital diet. The platelet count rose from thrombo-
cytopenic levels at the time of admission to normal
levels of greater than 150,000/mm? on the fourth hospi-
tal day in one patient and on the seventh hospital day in
two patients, despite no significant change in the reti-
culocyte count. Three other patients received a single
transfusion of sedimented red cells on admission. Their
initial platelet levels, which had been less than 50,000/

Fig. 4. Urinary formiminoglutamic acid (FIGLU) ex-
cretion of normal children and groups of iron-deficient
anemic patients.
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Table I Neutrophil lobe studies, serum folate, serum vitamin B,, and urinary FIGLU excretion in normal children
and various groups of children with iron deficiency anemia

Normal Group Group Group Group
children I II III v
Number 52 14 20 11 10
Lobe average mean 3.16 3.54 3.36 3.53 3.40
SD 0.28 0.09 0.08 0.10 0.13
Number with hyper-
segmented neutrophils 10 7 11 8 6
Number 30 14 19 9 10
Serum folate (ng/ml) mean 10.64 15.3 14.1 11.2 9.3
SD 6.13 8.56 13.29 5.49 6.20
Number 23 14 18 9 8
Vitamin B;, (pg/ml) mean 774 820 836 689 646
SD 239.7 501 284 280 154
Number 12 14 19 5 7
FIGLU (umole/h) mean 1.87 1.88 1.64 3.39 1.63
SD 1.72 2.09 2.64 4.06 1.89

Table II. Hematologic data on various groups of children with iron deficiency anemia

Groups Group 1 Group 1T Group III  Group IV
Number 14 20 11 10
Hemoglobin (g/100 ml) mean 4.3 5.6 3.9 4.6

SD 1.5 1.2 1.7 1.2
Serum iron (ug/100 ml) mean 24.92 32.16 33.89 28.67

SD 16.2 12.5 21.4 17.0
Total iron-binding capacity mean 521.15 439 576.87 431.67
(ug/100 ml) SD 96.7 74.3 100.0 37.2
Platelets (10%/mm?) mean 419 363 75 59

SD 150 145 47 37

Table I11. Bone marrow findings in the various groups
of patients with iron deficiency anemia

Number of Number of Number of

patients patients with patients with
decreased megaloblastoid
megakaryo- myelopoiesis
cytes and erythro-
poiesis
Group I 14 4 5
Group IT 20 1 9
Group III 11 4 6
Group IV 10 3 5

mm? in each instance, rose, reaching normal levels by
the seventh hospital day. During this period, no signifi-
cant change in reticulocyte levels occurred.

Patients with and without infection were present in
both of the above groups. It is difficult to make any
generalizations concerning platelet response in the
other thrombocytopenic patients because of the timing
and combinations of therapy in these children. Serial
platelet counts were not performed in any of the non-
thrombocytopenic patients.
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Discussion

There are several possible mechanisms which might
explain thrombocytopenia occurring in irondeficiency.
These include insufficient production of platelets due
to the lack of a factor(s) involved in thrombopoiesis or
increased utilization or destruction of platelets. Be-
cause of past observations of megaloblastoid changes in
bone marrows of patients with iron deficiency, the poor
dietary history associated with iron deficiency, and the
report of malabsorption in this anemia, it was decided
to investigate future cases of iron deficiency with and
without thrombocytopenia for evidence of folateand/or
vitamin B, deficiency or metabolic impairment.

The most striking observations in this study were the
presence of increased lobe averages in the peripheral
blood smears of a number of the children with iron
deficiency anemia and an incidence of individuals with
hypersegmented granulocytesin the four iron-deficient
groups greater than that found in normals. According
to HerBERT [8, 9], the finding of an increased neutro-
phil lobe average and hypersegmented neutrophils is
suggestive of megaloblastosis. Twenty-five patients had
some megaloblastoid changes in their bone marrows.
Based on lobe average and bone marrow examination,
33 patients had some evidence of megaloblastoid dys-
plasia. Similar findings have been reported [5, 26] in
iron-deficient anemic adults.

These morphologic findings would suggest that a
folate or vitamin B,, deficiency state or impairment of
folate or vitamin B;, metabolism exists in some of these
patients with iron deficiency anemia. The absence of
decreased serum levels of vitamin B, in any of the ane-
mic patients would rule out the possibility of a defi-
ciency of this vitamin. Two patients in Group II had
decreased serum folate levels. Both patients had mega-
loblastoid morphologic changes in their bone marrow.
Thus, the bone marrow findings in these two patients
can be explained on the basis of folate deficiency.

VITALE ¢ al. [27] have shown that rats made iron
deficient have a defect in folate metabolism with an
increase in urinary FIGLU excretion. Three patients
in the present study had elevated FIGLU excretion,
one each in Groups I, IT and I1I. Two of them exhibit-
ed hypersegmentation and one of the two demonstrated
a megaloblastoid bone marrow. Therefore, the mor-
phologic changes found along with the elevated FI-
GLU excretion might be explained on the basis of
folate deficiency. However, this leaves the large major-
ity of the patients without folate or vitamin B,, defi-
ciency, or a metabolic block, to explain the morphologic
abnormalities observed in their blood and bone mar-
row. A possible explanation for the morphologic chan-
ges in the blood and bone marrow of these patients is
that the iron deficiency anemia may produce a func-
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tional deficiency of folate or vitamin B,, at the cellular
level in the marrow. This relative insufficiency might
be produced by an increased demand for these meta-
bolites in conjunction with marked erythroid hyper-
plasia. Increased folic acid clearance after intravenous
injection has been reported in patients with iron defi-
ciency anemia [4]. Megaloblastoid changes in the bone
marrow are frequently seen in chronic hemolytic dis-
ease associated with erythroid hyperplasia with con-
version to a normoblastic state after folic acid therapy
[13, 15, 17].

A functional deficiency of folic acid or vitamin B, at
the bone marrow level with subsequent megaloblastoid
hematopoiesis might result in thrombocytopenia. How-
ever, the incidence and degree of bone marrow and
neutrophil abnormalities in the thrombocytopenic and
nonthrombocytopenic groups did not differ. These ob-
servations raise a question concerning the exact role of
megaloblastoid hematopoiesis in the etiology of throm-
bocytopenia in patients with iron deficiency anemia
and indicates that although this may be one factor,
other factors may play important roles. As megalo-
blastoid aberrations have been reported in conditions
other than folate and vitamin B,, deficiency states [20,
28], it is also possible that some factor(s) other than
folate or vitamin B,, is involved in the development of
these morphologic changes.

Thrombocytopenia may be caused by insufficient
platelet production due to decreased megakaryocyto-
poiesis. In sixteen children with iron deficiency and
thrombocytopenia reported by Gross ¢t al. [6], four
had decreased megakaryocytes in the bone marrow.
Similar findings were noted by us in 7 of 21 children
with thrombocytopenia; however, 5 of 34 children in
the present series without thrombocytopenia also ex-
hibited decreased megakaryocytes. Therefore, the role
of decreased megakaryocytopoiesis as a cause of throm-
bocytopenia associated with iron deficiency anemia
remains unclear.

The small number of patients in the groups followed
with serial studies makes the results of platelet response
inconclusive. It is interesting to note, however, that
the delay in the rise of platelet count in patients given
medication orally reported by Gross et al. [6] was not
seen in any of the three patients which we treated in
this manner. In those not receiving iron therapy with
and without red cell transfusions, a platelet rise also
occurred. The cause for the rise of the platelet count
in these latter patients is not known. It is suspected that
it may be due to either folate, iron, or some other nu-
trient provided in our standard hospital diet. Because
of this unexplained rise in platelet levels after hospitali-
zation, one must be careful in the conclusions drawn
with specific therapies unless appropriate control pa-
tients are included and the diet is rigidly controlled.
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In order to determine the role that acute infection
has on folate or vitamin B,, metabolism (as related to
the thrombocytopenia of iron deficiency anemia), the
patients were placed in separate categories based on
the presence or absence of infection. No differences in
mean serum folate, vitamin B,,, FIGLU excretion,
neutrophil lobe average, and bone marrow megalo-
blastoid changes were apparent among these groups.
Two patients in the group with infection but without
thrombocytopenia did have decreased serum folate
levels. These facts would indicate that only in isolated
instances does acute infection influence folate meta-
bolism.

The incidence of thrombocytopenia (38 %) in this
study is not dissimilar from that reported to occur in
the group of patients with comparable hemoglobin
levels (< 7 g %) reported by Gross et al. [6]. The overall
incidence of thrombocytopenia in iron deficiency ane-
mia which we have found may be somewhat mislead-
ing, because all of the cases of nonthrombocytopenic
iron deficiency seen in the patients at our institution
were not admitted to the hospital for study.

Summary

Although megaloblastic changes could be found in the
blood and bone marrow of 33 iron-deficient children
with and without thrombocytopenia, evidence of folic
acid or vitamin B,, deficiency could be documented in
only five of them. It is postulated that a relative defi-
ciency of folic acid or vitamin B,, at the bone marrow
level may have produced the morphologic changes;
however, the relation of the morphologic changes and
thrombocytopenia found in iron deficiency is not ap-
parent.
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