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Iron deficiency anaemia with hypoproteinaemia
U LUNDSTROM, M PERKKIO, E SAVILAHTI, AND M SIIMES

Children's Hospital, University of Helsinki, Finland

SUmmARY Forty two children were admitted to this hospital between 1975 and 1980 with severe
iron deficiency anaemia and 8 of them also had oedema caused by a low concentration of serum

proteins. These 8 patients, aged 8-24 months, and 13 age matched controls were investigated.
The patients had excessive faecal loss of 59FeCl or 51Cr-albumin, or both; their jejunal biopsy
specimens showed little decrease in the ratio of villous height to crypt depth; and they had fewer
intraepithelial lymphocytes and cells containing IgA than controls. They were all treated with an
oral ferrous iron preparation and the oedema, hypoproteinaemia, and low haemoglobin concentra-
tions rapidly resolved. These results show that immunologically mediated hypersensitivity is not
implicated in iron deficiency anaemia associated with hypoproteinaemia.

Iron deficiency anaemia in infants and small
children is often associated with ingestion of cows'
milk. Low concentrations of iron in the milk is one
reason, if milk is the main food. Wilson et all
reported that gastrointestinal bleeding was often
caused by cows' milk and that this could be prevented
by eliminating the milk or boiling it. Milk proteins
may act as antigens and cause immunological
reactions in the intestinal tract. We studied a group
of 8 infants to determine whether iron deficiency
anaemia and hypoproteinaemia were caused by an

allergic reaction in the intestine.

Subjects

We studied all children with a blood haemoglobin
concentration less than 8 g/dl, evidence of iron

deficiency, and a serum protein concentration less
than 50 g/l, admitted to this hospital between 1975
and 1980. Of 42 children with severe anaemia
(haemoglobin less than 8 g/dl) only 8 met all
criteria (Table). The feeding pattern of these children
varied: 6 had been breast fed for 3 months or less,
1 had been breast fed for 5 months, and 1 had been
given breast milk exclusively for 9 months (Fig. 1).

In 2 patients anaemia had developed over a short
period of time. Two months before the study their
haemoglobin concentrations had been 10.9 and
11 .4 g/dl but these had dropped to 4-1 and 6.3 g/dl
respectively. The children's growth before admission
to hospital was normal. Laboratory studies showed
that case 2 had a high number of eosinophils in
peripheral blood. Cases 4 and 6 had precipitins for
cows' milk protein. None had gluten antibodies.

Table Clinical details ofpatients: their haemoglobin values (Hb), mean corpuscular volume (MCV), serum
concentrations of iron, total iron binding capacity (TIBC), serum ferritin, and serum protein IgA
Case Age Sex Weight Height Hb MCV Serum TIBC Serum Serum IgA Y. of normal
No (mths) (SD) (SD) gldl fl iron (&mol/l) ferritin protein (gll) for the age

(j3) (Mmol/l) (ng/l) (g/l)
1 8 M -0.6 -0-5 5-3 56 3-7 64 1 47 0.19 136
2 9 M -0-3 +1-5 5.7 67 <1-0 54 2 42 0.13 87
3 10 M +0-4 +0-4 6X3 63 7-7 72 3 44 0.30 189
4 10 F -0-5 +0-1 5.3 57 2.0 54 2 35 0.09 56
5 12 F -0.3 +0-7 4.1 54 6-6 91 1 42 0.05 27
6 15 F -0-8 -1.0 7.6 56 2-8 29 6 30 0.09 42
7 15 M -1-5 -1.2 5-2 58 4-6 74 7 48 0.30 142
8 24 F -1-8 -1-8 2-0 48 5-8 53 3 40 0.41 128

Mean 12.9 -0.7 -0.3 5.8 57 4.2 61 3.1 41 101
Normallimit >11.0 >70 >10 <70 >10 >52

Conversion: SI to traditional units-serum iron 1 jmol/l s0- 179 jig/tOO ml; total iron binding capacity 1 p.mol/1 vv0- 179 gg/100 ml.
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Fig. 1 Milk diet ofpatients before admission to hospitaL.

Each child presented with clinical oedema,
indicated by transient weight gains (Table). The
average degree of oedema was 6.8 % of body weight,
with an individual range of 2.7-20.5%. These
figures were based on the difference between weight
at the time of admission and the lowest weight
during the subsequent 2 weeks. All the patients were
treated with a ferrous iron preparation, 3 mg/kg/day.
Three were transfused with 4-7 ml/kg red cells at
the time of diagnosis. They were all given cows'
milk during treatment and follow up. There were 13
age matched controls.

Methods

Biopsy specimens of the small intestine were taken

from the proximal jejunum with a paediatric Crosby-
Kugler biopsy capsule. The morphometric para-
meters-villous height, crypt depth, and surface
epithelial cell height-were measured as described
by Kuitunen,2 and the number of epithelial lympho-
cytes was counted by the method of Ferguson and
Murray.3 The number of cells containing immuno-
globin was counted in paraffin sections stained by
direct immunoperoxidase technique.4 The biopsy
specimens of the jejunum were taken to exclude any
intestinal cause of symptoms (changed growth
pattern or vomiting) or because the cytotoxic test
to wheat gluten was positive. No child had intestinal
disease or symptoms after prolonged observation
with no treatment.

In 6 patients loss ofiron in the stools was measured
by 5 day stool collections 2 days after 0.1 ,uCi,
59FeCl had been given intravenously. The stools
were counted on a whole body counter.5 The mean
radioactivity in the stools was 0 97 nCi over 5 days,
range 0.5-1.9 nCi. These values are greater than
those considered normal using this technique,
showing that each of the patients was bleeding from
the intestinal tract.

Protein loss into the faeces was studied in 3
children. 51Cr-albumin was injected intravenously
and radioactivity was measured by 5 day stool
collections. In the 3 children radiolabelled albumin
in the stools was 1 9 %, 4.7 %, and 5% respectively-
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Fig. 2 The ratio of villous height to crypt length (VHN:CL), the numbers of intraepithelial lymphocytes (IEL) per
100 epithelial cells, and the numbers of cells containing IgA and IgMper mm2 in the lamina propria of the jejunum of
controls (C) and patients (P). Mean values ofgroups are shown as well as the difference between the groups tested
with Student's t-test. NS=not significant.
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the normal upper limit of protein loss is 1*0%. The
dose of radioactive isotopes given conformed with
the Scandinavian research regulations of a dose of
less than the annual endogenous exposure.

Results

Morphometric study of the jejunal biopsy specimens
showed minimal changes only: a reduced ratio of
villous height to crypt depth because of elongation
of the crypts (Fig. 2). Average villous height of the
jejunum was (mean ± SD) 349 ± 104 [±m in the
8 patients, compared with 337 ± 57 ,um among
controls and the range of values was wide. Reduced
villous height was seen in 2 patients: 250 and 280 ,um,
respectively. The surface epithelial cell height in the
patients was (mean + SD) 27.8 ± 5-0 Fm and in
the control group was (mean ± SD) 29.7 + 2.4 Fm.
The number of intraepithelial lymphocytes (mean

± SD) 13.6 ± 2.3 per 100 epithelial cells, and the
number of cells containing IgA (mean ± SD) 354 ±
262 per mm2, were lower than the controls (mean ±
SD) 27.2 ± 7i5 and 663 ± 278, respectively (Fig. 2).
There was no difference in the number of IgM and
IgG containing cells in patients and controls, but
there were few IgE containing cells in either group.
Oedema and hypoproteinaemia responded rapidly

to ferrous iron treatment. In all patients the oedema
resolved during the first week and the serum protein
concettration improved from a mean value of
42 g/l to 58 g/l within 2 weeks. By this time half of
the 8 patients had a serum protein concentration
that did not increase further during the follow up.
On the other hand, in only 1 of the 8 children was
the haemoglobin concentration normal (Fig. 3). The
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Fig. 3 Serum protein and haemoglobin concentrations
ofpatients on admission and after 2 weeks' iron
treatment.

haemoglobin and serum iron values were normal in
all patients by 6 weeks. The improvement in the
serum ferritin concentration was slow; the mean
value after 4 months of continuous iron medication
was 19 ,ug/l, which is lower than that seen in healthy
children of this age.

Discussion

Although only rough estimates of incidence are
available, it is rare to find an infant with nutritional
iron deficiency anaemia in Finland. In the Helsinki
well baby clinics, where over 99% of the infants are
seen, it is estimated that only 10 infants out of 8860
screened during 1979 at age 1 were anaemic. It
seems that cases of severe iron deficiency anaemia
are not representative of the lowest values of
Gaussian distribution, but are independent dis-
orders. We estimate that the incidence of severe iron
deficiency anaemia with a haemoglobin concentration
of less than l g/dl in children aged 8-24 months is
roughly 1:700. Severe iron deficiency anaemia is
occasionally accompanied by hypoproteinaemia and
oedema.6 According to our findings the incidence of
this in the 8-24 months age group would be about
1 :7000.
There is evidence that the hypoproteinaemia is

caused by increased intestinal losses of serum
protein. The observations in some cases in our study
agree with this.16 The aetiological and pathogenetic
events in this disorder are controversial: some
believe that nutritional iron deficiency leads to
jejunal damage and then protein leakage,6 whereas
others suspect that fresh cows' milk causes an
adverse reaction in the intestinal epithelium which
results in loss of iron and protein.1 7

Intestinal cows' milk allergy and coeliac disease
may lead to secondary malabsorption of iron and
intestinal loss of iron.5 89 The infant with active
coeliac disease or intestinal cows' milk allergy may
therefore present with severe iron deficiency
anaemia and hypoproteinaemia. These 2 disorders
are, however, usually seen together with moderate
or severe morphological lesions of the intestinal
mucosa and an appreciable increase in the number
of intraepithelial lymphocytes. The pathogenesis is
believed to be immune destruction of the surface
epithelial cells of the jejunum,'011 and there is -a
considerable increase in the number of cells con-
taining IgA and IgM in the lamina propria of the
jejunum.1213 The IgA and IgM containing cells syn-
thesise antibodies'4 against damaging foreign pro-
tein and they are increased even in infants with cows'
milk allergy without evident intestinal symptoms
(Fig. 4). In contrast to coeliac disease and cows'
milk allergy our patients had slight or no mucosal
changes and fewer cells containing IgA and IgM
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Fig. 4 The ratios of villous height to crypt length
(VH:CL) and the numbers of IgA-containing cells of
patients; of eczematous children with cows' milk
allergy;2" of children with cows' milk induced
enteropathy;'3 of children with coeliac disease,12 and
of controls.2' Mean values ± I SD.

than the controls. In our patients immunologically
mediated hypersensitivity was not the cause of the
iron deficiency anaemia with hypoproteinaemia and
oedema.

Opinions on the influence of iron deficiency on
immune functions differ. Many investigators have
found evidence of low cellular immunity'5 16 even if
these functions have been normal in some studies.'7
The numbers of intraepithelial lymphocytes, pre-
dominantly T cells,18 in the intestine of children who
are iron deficient are low. The results of laboratory
investigations indicate that humoral immunity,
including the concentration of salivary IgA, is
normal in man'6'9 and impaired in some experi-
mental animals.20 We found appreciably fewer cells
containing IgA in the jejunum of our patients, and
this may be associated with an impairment in the
mucosal defences.
The excellent response of our patients to treat-

ment with oral iron suggests that iron deficiency
anaemia triggers off intestinal damage, altered
intestinal function with iron and protein loss, and
finally anaemia and oedema. It seems that this
process can be stopped by iron treatment, even
before the anaemia is completely cured: in our
patients serum protein values returned to normal
well before blood haemoglobin concentration.
Severe iron deficiency anaemia with hypoprotein-
aemia can be cured rapidly by iron treatment,
whereas cows' milk allergy and coeliac disease
require the elimination from the diet of cows' milk
and gluten, respectively.
This study was supported by a grant from the Sigrid Jus6lius
Foundation.
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