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Extensive deposition of hemosiderin in the viscera of the South
African Bantu was first described by Strachan,' and later by the Gill-
mans and their co-workers.2"5 Strachan considered metallic poisoning
by copper, tin, or zinc the probable etiologic factor. Gillman and
Gillman3 correlated the abnormal iron deposits with pellagra and
malnutrition.
The general physiology and pathology of iron storage has been

reviewed recently by Finch and his associates.6 In man, large hemo-
siderin deposits are found mainly in classical or idiopathic hemochro-
matosis,7 in certain anemias,889 and after multiple blood transfu-

1012sions. In undernutrition or starvation, iron pigment deposits are
found also, probably due to the breakdown of blood and tissue
cells.13"4 Heavy visceral deposits of iron, associated with bone and
joint deformities, have been reported also in Korean mountain dwel-
lers.'5

In animals, the parenteral administration of citrated blood or iron
compounds leads to excessive amounts of iron in various organs; this
has been observed in mice,'s rats,8 rabbits,'7?0 and dogs.6', The addi-
tion of iron salts to certain experimental diets, especially if low in
phosphorus, also has been shown to cause excessive iron deposition in
various animals.6'22-24
The pattern of iron distribution in severe siderosis in the Bantu has

been assumed to be identical to that in classical hemochromato-
SiS; 1-5,25,26 but our findings, which are the result of anatomical, histo-
pathologic, and chemical investigation, do not support this view and
accordingly seem worthy of publication.

METHODS AND MATERIALS
Our investigation was based mainly on 44 necropsies representing

siderotic cases of varying severity. The liver, spleen, heart, kidney,
and pancreas were examined in each, with the exception of the kidney
in one case. Blocks from the jejunum also were available in 32 of
these necropsies. In selected cases, additional blocks were taken as

* This paper is published with the permission of the South African Council for Scientific
and Industrial Research.
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desired from the gastrointestinal tract, salivary glands, endocrine
glands, lymph nodes, bone marrow, breast, tongue muscle, and skin.

In 2I of these cases, the iron concentration was determined in se-
lected organs. With two exceptions this had to be done on formalin-
fixed tissues and no allowance could be made for hemoglobin iron.
However, since the quantity of iron as hemosiderin was so large, the
small amount of hemoglobin iron would not have been significant, as
was shown by Roth, Jasin'ski, and Bidder.27 The tissues were dried at
IIO0 C. for 24 hours, ashed at 4500 C., and the iron estimated by the
thioglycollic acid method. In the majority of organs the iron concen-
tration was determined in duplicate. The duplicates showed a maxi-
mum error of about io per cent. In addition, tissues of 4 European
adult subjects were analyzed as controls. The iron concentration also
was determined in the major organs of 2 cases of classical hemochro-
matosis in Europeans.
To establish the incidence of siderosis and its relationship to hepatic

fibrosis, 252 additional necropsies were reviewed, and the livers sec-
tioned and stained for iron. The pattern of iron distribution was con-
firmed in these necropsies by the study of a small number of random
tissues.

Both the more detailed series of 44 necropsies and the additional
252 cases were unselected, except that children under IO years, and
patients with anemia, malaria, and hepatic necrosis were omitted.

Also examined were IIO specimens of liver obtained for biopsy from
other patients, many of whom showed various stigmata of malnutrition.
Additional blocks from 72 livers obtained from unselected necropsies
of Bantu living in other territories in Southern Africa also were avail-
able for examination.

In general, the organs were fixed in Io per cent formalin; but in a
few cases formol-sublimate, or Carnoy's fluids, were used. All sections
were stained routinely with hematoxylin and eosin. Hemosiderin was
demonstrated by Perls' hot potassium ferrocyanide method, modified
after Dry.28 The sections were counterstained with basic fuchsin.
Additional stains used in selected cases were Turnbull's blue, Sudan
IV, Sudan black, Mallory's picric acid-stain after McFarlane, silver
reticulin stain, and Schiff's periodic acid stain with or without preced-
ing salivary digestion.

Classification of Cases
Since the liver stores a high proportion of the total body iron, the

concentration of the element in this organ was used arbitrarily as a
standard of severity for each case. Usually, when the iron concentra-
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tion in this organ was approximately o.i per cent dry weight, hemo-
siderin could be demonstrated by histologic methods. According to the
amount of iron pigment demonstrated histologically, an attempt was
made to grade the liver into one of four categories (Text-figs. i and 2 ).
These corresponded approximately to the following concentrations of
iron: o=< O.I per cent; + -- O.I to 0.5 per cent; ++ = 0.5 to I.5
per cent; +++ > I.5 per cent. It is clear that this grading cannot

TABLE I
Cause of Death as Established at Necropsy

Primary cause of death Male* Female* Total*

Cardiovascular disease 57(5) 49(6) Io6(ii)
Tuberculosis 22(3) I 2 (1) 34(4)
Neoplasia (excluding liver) I6(I) 7 23(I)
Malignant hepatic tumors 6(3) 3(2) 9(5)
Central nervous system disease 20(3) 12 32(3)
Respiratory disease 24(2) 7 31(2)
Acute bacterial infection 10(3) 8 18(3)
Genitourinary disease 8 5(I) 13(I)
Postoperative shock I 8 9
Diabetes mellitus 0 3 3
Cirrhosis of the liver 3 I 4
Pellagra I 0 I
Miscellaneous diseases IO(i) 3 13(I)

Total 178 II8 296

* The number of cases with cirrhosis unrelated to the cause of death is shown in brackets.

be altogether accurate as the quantitative measurements are based on
only 2 I cases which were studied by chemical analyses. In these, how-
ever, agreement between chemical and histologic grading was fairly
satisfactory. An appropriate correlation between the chemical find-
ings and histologic appearance was found also in other organs.

In addition the livers were classified histologically according to the
degree of portal fibrosis as follows: (a) Essentially normal histology,
including cases with slightly prominent portal tracts and minimal
cellular infiltration. (b) Mild and moderate portal fibrosis, i.e., livers
with an increase in portal fibrous tissue, but without generalized con-
fluence of the portal tracts (Fig. 2). (c) Severe portal fibrosis, i.e.,
livers in which bands of fibrous tissue divide the organ into lobules
(Fig. 3).

In this paper the term "cirrhosis" has been confined to this latter
group (c).
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Clinical Findings
Cause of Death. The primary diseases causing death in the com-

plete series of 296 necropsies are shown in Table I. The degree of
hemosiderin deposition was unrelated to any specific disease, and
severe siderosis appeared to be an incidental post-mortem observation,
not directly related to the patient's death. One patient, however, had
died from the spontaneous rupture of a heavily pigmented spleen.

b

10-29 30-49
AGE GROUP

Text-fig. i. Histogram showing the relation of hepatic fibrosis and
age group for i i8 female patients.

(a) Structurally normal livers.
(b) Livers with portal fibrosis but without confluence of the tracts.
(c) Severe fibrosis (cirrhosis).
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primary disease and not on the degree of iron pigmentation of the
viscera. It was common, however, to find hyperpigmentation and
hyperkeratosis of the skin of the limbs in Bantu patients suffering
from chronic disease. Severe siderosis was seen often in wasted
patients, but was observed also in the apparently well nourished.
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Text-fig. 2. Histogram showing the relation of hepatic fibrosis and siderosis in each
age group for 178 male patients.

(a) Structurally normal livers.
(b) Livers with portal fibrosis but without confluence of the tracts.
(c) Severe fibrosis (cirrhosis).

Diabetes Mellitus. Only 3 patients had diabetes mellitus; in these,
hemosiderin deposits were very scanty.
Serum Iron. In many apparently healthy Bantu a high serum iron

and total iron binding capacity have been observed.2930 Serum iron
determinations were carried out on 5 subjects from whom liver speci-
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mens were available for biopsy; of 3 patients in whom some hemo-
siderin deposition was demonstrable, 2 had markedly increased serum
iron.

Parasitic Infestation. Schistosoma haematobium infestation was
observed incidentally in 7 necropsies.
Age and Sex Distribution. The histograms (Text-figs. i and 2) re-

late the degree of siderosis to age. Under 20 years of age it is seldom
observed and never to a severe degree. Its incidence and severity in-
crease with age to the fifth decade, when the number of affected per-
sons remains relatively constant. Females are less severely affected
than males, especially in the third and fourth decades. Since it is our
general experience that siderosis is very rare under the age of io years,
younger children and infants were excluded from this investigation.

Geographic Distribution. Hemosiderin deposits were observed in
the livers of Bantu from other parts of the Union, and from the fol-
lowing territories: Rhodesias, Bechuanaland, Swaziland, Nyasaland,
and Mozambique. In many of these livers, malarial or bilharzial pig-
ment also was found. Accordingly, the condition does not appear
limited to the Johannesburg area, but as yet no extensive investigation
has been made in other areas.

Chemical Analysis
The concentration of iron in the major organs from 2 IBantu and 6

European subjects is shown in Tables II to V. Cases 26 and 27 pre-
sent the iron concentration in the organs of the 2 European subjects
who died with classical hemochromatosis. The clinical features of case
26 have been reported elsewhere.31 The iron concentration in classical
hemochromatosis is summarized in Table V after Sheldon.7

GROSS AND MICROSCOPIC PATHOLOGIC FEATURES
Our description of the morbid anatomical distribution of hemosid-

erin is based chiefly on the 44 cases examined in most detail. Where
desirable, use has been made of the tissues available from the addi-
tional 252 necropsies in which the liver was examined for iron. The
rusty appearance of siderotic tissues was typical, and the pattern of
visceral and lymph node involvement could easily be studied with the
naked eye. Further, as the pattern observed in the cases examined in
more detail was constant and was confirmed by microscopy, section of
further tissues was considered unnecessary.

External Appearances
The hyperpigmentation of the skin in Bantu suffering from chronic
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disease was due to increased melanin in the rete malpighii and was
unrelated to the amount of hemosiderin in the abdominal organs. In
3 of io severe cases with heavy iron pigmentation of the liver, micro-
scopic examination of the skin from the flexor surface of the arms
showed a few scattered hemosiderin granules in the corium, most
marked in the region of the skin appendages. No iron pigment was
found in skin sections from cases with moderate hepatic involvement.

The Liver
The following description is drawn from the 292 livers examined.

The gross appearance varied according to the nature of the primary
disease. In livers with a moderate or severe siderosis, the organ had
also a rusty brown color and gave a positive Prussian blue reaction in
the cold. In 35 of these 292 livers, cirrhosis was present but in only
4 was it the direct cause of death. The weight of the organ was unre-
lated to the intensity of pigmentation. The mean weight for normal
livers without histologic iron was 15I5 gm. (range, II20 to 2000 gm.);
for those classified as severe siderosis, I550 gm. (range, I200 to 2350
gm.); and for those with fine multilobular cirrhosis, i66o gm. (range,
1200 tO 2450 gm.).
Microscopic Examination. Among Bantu patients it is common at

necropsy to find histologic evidence of liver disease, which is appar-
ently unrelated to the cause of death (Table I). Similar lesions are
observed in liver specimens for biopsy from patients who clinically
are not under suspicion of having hepatic disease. These lesions vary
from prominence and slight fibrosis of the portal tracts to a fine
multilobular cirrhosis (Figs. i and 2). There may be an associated pleo-
morphic portal infiltration by lymphocytes, plasma cells, and histio-
cytes, also polymorphonuclear cells and eosinophils. Throughout the
liver, the fibrosis of the portal tracts is unequal; in some tracts there
is little or no increase in fibrous tissue; elsewhere collagen fibers extend
toward the neighboring tracts and between the parenchymal cells at
the periphery of the lobules. The resultant cirrhosis accordingly shows
both a monolobular and multilobular distribution. It seems probable
that, in the late stages, such a cirrhosis may progress to a coarse cir-
rhosis morphologically indistinguishable from that of post-necrotic
origin, but proliferation of the bile ducts is insignificant and necrosis
of the liver cells is not a feature. The distribution of the livers of the
various types in each group is shown in Text-figures i and 2.
Of the 35 cirrhotic livers, the cirrhosis in 25 was clearly a more

advanced degree of the fine portal type which we have described. In
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none of these was it considered the direct cause of death. There was
one case of true biliary obstructive cirrhosis. The remaining 9 livers
showed a coarse multilobular cirrhosis. In the latter cases the clinical
history was insufficient to determine the etiology with certainty.

Distribution of Iron Pigment. In the majority of livers, hemosiderin
was observed in both liver and Kupffer cells. In cases of mild sidero-
sis the cytoplasm of the Kupffer cells usually stained a diffuse blue and
sometimes contained small hemosiderin granules. In the parenchyma,
on the other hand, iron pigment appeared first as fine granules at the
biliary pole of the hepatic cells at the periphery of the lobules. In
8 livers, however, hemosiderin was found only in the Kupffer cells
(Fig. 3), and in 8 additional livers pigment was confined almost en-
tirely to the parenchymal cells, pigment in the reticulo-endothelial cells
being insignificant.

In severe cases, the deposits of pigment in the parenchymal cells
and Kupffer cells were more marked and the pigment granules of
larger size. Deposits, however, were still most obvious in the liver
cells at the periphery of the lobules, but the pigment was no longer
confined to the biliary pole (Figs. 4 to 6). Where the Kupffer cells
were heavily involved, large granules of pigment obscured nuclear
detail and the cells appeared as masses of granular hemosiderin. In
an occasional case, iron-laden multinucleated macrophages were pres-
ent in the sinusoids. Even where deposits were marked in the liver
cells, cellular degeneration was not a prominent feature. No correla-
tion was observed between the amount of hemosiderin in the Kupifer
cells and in the liver cells.

In siderotic cases of all degrees of severity, deposits of iron pigment
were noted also in the portal tracts (Figs. 5 and 6). These varied from
an occasional iron-laden macrophage to heavy intracellular and extra-
cellular masses. The appearance of these latter masses suggested
origin from the disruption of iron-laden macrophages. Frequently, in
cases with severe pigmentation, hemosiderin was found in the epithe-
lium of the small bile ducts, and in the endothelial cells of the portal
lymphatics and venous channels. Invasion of the liver capsule by iron-
laden macrophages was always present in association with heavy pig-
mentation of the portal tracts. The histograms (Text-figs. i and 2),
however, show that all patterns of liver damage can be associated with
any degree of hemosiderin deposition. But while there is a tendency
for severe siderosis to be associated with portal fibrosis and cirrhosis,
conversely, some cases with heavy iron storage show little or no fibrosis.

In siderotic livers, foci of scarring or tuberculosis were often infil-
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trated by iron-laden macrophages (Fig. 7). Similar invasion of
fibrous scars was found elsewhere in the body.

Iron Content. On comparing the concentration of iron determined
chemically and assessed histologically in 2I livers, it was clear that
the fibrosed portal tracts permitted marked storage; i.e., when a liver
showed a high iron concentration on chemical analysis, much of the
hemosiderin appeared to be situated in the portal tracts. In this series,
the highest concentration of hepatic iron was 5.52 per cent dry weight
(case 25). In this liver, cirrhosis was present.

Spleen
In siderotic cases the spleen showed a marked rusty color, the inten-

sity of which was invariably greater than that in the liver. Sometimes,
although the liver had a normal color, the spleen showed a distinct
brownish tinge and gave a positive Prussian blue reaction. The weight
and size of the organ were related to the accompanying disease process.
Significant enlargement of the spleen or other evidence of portal hyper-
tension was present in only 6 of the 25 cases with fine multilobular
cirrhosis.
On microscopic examination of the II3 spleens available, a much

greater concentration of iron was found than in the liver, with only
2 exceptions. This was confirmed by chemical analysis in 2I cases
(Tables II to V) but the total quantity of iron, however, was less than
in the liver. In those cases in which only minimal involvement of the
parenchymal or Kupffer cells of the liver was present, the spleen
showed significant deposits of hemosiderin in the endothelial cells and
macrophages. In more severe cases, the number of iron-laden macro-
phages in the pulp increased to form dense masses, some of which
appeared extracellular (Fig. 8), and often the entire reticulo-endo-
thelial system was outlined by pigment. Iron-laden histiocytes were
found also in the capsule and trabeculae, and the endothelium of the
trabecular veins frequently contained hemosiderin granules. Occa-
sionally, slight iron encrustation of the trabecular fibers was observed,
but the elastica of the vessels was usually unaffected. The malpighian
corpuscles appeared relatively free from iron pigmentation. Fibrosis
was not significant unless some other factor such as portal hyperten-
sion or chronic venous congestion was present.

Pancreas
On naked-eye examination the pancreas usually appeared normal,

but in 2 cases it had a distinct brown color. Of the 82 pancreases ex-
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amined microscopically, 32 were from cases in which the liver was
heavily pigmented. In the majority of these, slight hemosiderin de-
posits were noticed in scattered interstitial macrophages, but in only
7 did the acinar and islet cells contain iron-pigment granules. These
were very scanty with the exception of case 25, the most severely
siderotic case noted. Cases of moderate or mild hemosiderosis showed
no evidence of epithelial involvement. Chemical determination con-
firmed the very low concentration of iron in the pancreas, in contrast
to that in the liver and spleen. In a few cases there was a fine inter-
stitial fibrosis which was unrelated to the amount of iron in the pan-
creas or in other viscera.

Heart

In only 4 of the 2I hearts from cases with severe hepatic siderosis
were iron pigment granules observed in the perinuclear region of the
myocardial fibers. In the remaining 53 hearts from cases of lesser
severity, no iron could be demonstrated histologically in the myo-
cardium. Chemical analysis confirmed the very slight increase in iron
in the cardiac muscle.

Kidney
In both severe and moderate cases, scanty hemosiderin granules

usually were found in the distal convoluted tubules and also in the
loops of Henle. In some severe cases granules of iron pigment were
found lying in the glomerular capillaries. Scattered hemosiderin-laden
macrophages frequently were present in the interstitial tissues as were
also slight extracellular deposits, especially in foci of fibrosis. The
tubular deposits were scanty and focal in distribution. Analysis in 4
severe cases showed only a slight increase in iron concentration.

The Gastrointestinal Tract
The stomach appeared normal, even in patients with severe siderosis

on gross examination. In 4 very severe cases, microscopic examination
showed only traces of hemosiderin in a few acinar cells and only occa-
sional iron-laden macrophages in the submucosa. In 6 other cases with
equally heavy visceral deposits, no pigment was found in the epi-
thelial cells.
On naked-eye examination the duodenal and jejunal mucosa from

cases with slight hepatic pigmentation appeared normal. In cases with
more marked visceral involvement, however, the mucosa had a rusty
color and gave a positive Prussian blue reaction. This color was first
noted in the doudenum (being most intense in the third and fourth
parts) and upper jejunum, and then diminished and disappeared in
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the lower jejunum and ileum. Microscopic examination confirmed the
gross appearances in mild cases; sections of the jejunum showed only
an occasional iron-laden macrophage in the substantia propia of the
villi. But in severely siderotic cases all cellular detail in the villi was
obscured by masses of intracellular and extracellular pigment. Similar
changes were found to a lesser degree in the duodenum, but in no case
examined were the glands of Brunner involved (Figs. 9 and io).
When the visceral deposits of hemosiderin were slight, the ileum
showed no abnormal storage, but in severe cases a few iron-laden
macrophages were found in the villi. The colon was normal, but occa-
sionally, foci of hemosiderin-laden macrophages were found in the
mucosa. In all cases post-mortem change was too advanced for exam-
ination of the epithelium.

Chemical analysis confirmed the histologic findings; the iron con-
centration of the stomach, ileum, and colon showed insignificant rises
in comparison to the jejunum, which on one occasion contained seventy
times the average normal value (case 2I). Due to the presence of the
muscle in these specimens, however, these values are only approximate
and the actual mucosal concentration of iron would be much greater.
From Tables II to V, it can be seen that a rise in the concentration
of iron in the jejunum usually accompanied an increase in the liver
and spleen, and this was confirmed by histologic study.

Slight deposits of hemosiderin were found in the acinar cells of only
2 of I2 parotid glands examined. No hemosiderin or only an occa-
sional iron-laden interstitial macrophage was observed in 4 additional
glands, although all 6 subjects showed equally heavy iron deposits in
the abdominal organs.

Endocrine Glands
Sections from the thyroid gland, pituitary body, and testes showed

only a few scattered hemosiderin-laden macrophages in the interstitial
tissues. In only two thyroid glands from severe cases were hemo-
siderin granules found in the epithelial cells. Of the i9 suprarenal
glands examined, in only 2 was iron pigment found in the epithelial
cells. In many of the remainder, although the endothelial cells of the
cortical sinuses were outlined by hemosiderin and heavy deposits were
present in the medulla, no pigment was observed in the epithelial cells.

Testicular atrophy and gynecomastia were present in several cases,
but no correlation with the degree of visceral siderosis or hepatic
cirrhosis could be established.
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Bone Marrow)
On gross examination, the bone marrow, in cases with moderate and

severe siderosis of the liver, was rust colored. Microscopic examina-
tion confirmed the presence of intracellular and extracellular iron pig-
ment deposits. Numerous hemosiderin-containing macrophages have
been observed also in marrow smears from Bantu patients. In one
case of generalized idiopathic osteoporosis there was collapse of the
vertebrae with fibrosis. The new fibrous tissue was very heavily infil-
trated by iron-laden histiocytes.

Brain and Choroid Plexus
In no case was iron pigment found in the brain substance. On

naked-eye examination the choroid plexus was of normal color and
microscopically only minimal epithelial deposit was found in 2 of 4
very severe cases.

Voluntary Muscle
In 2 of 7 cases with severe visceral siderosis, very scanty pigment

deposits were noted in the voluntary muscle of the tongue.

Lymph Nodes
According to the degree of hemosiderin deposition, the gross colora-

tion of the nodes varied from normal to light brown or rust. On sec-
tion, iron pigment first appeared in histiocytes lying in the medullary
and subcapsular sinuses. In more severe cases, the deposits were both
intracellular and extracellular. In some patients the nodes showed
solid masses of hemosiderin granules, surrounding relatively normal
lymph follicles (Fig. ii). Even in the most heavily affected nodes,
fibrosis was not a feature.
The distribution of hemosiderin in the abdominal nodes followed a

definite pattern. Those in the porta hepatis, pancreatico-splenic, and
upper mesenteric groups contained the most iron pigment. The lymph
nodes in the mesentery and those draining the doudenum and upper
jejunum contained large deposits (Fig. io), but those draining the
ileum and colon, little or none; in mild cases, only the jejunal and
duodenal nodes contained hemosiderin. In 3 cases examined, in which
very scanty iron-laden macrophages were found in the jejunal mucosa,
there were moderate pigment deposits in the corresponding jejunal
lymph nodes and the nodes of the porta hepatis. In severe cases,
heavy pigmentation was observed also in the glands of the lesser
curvature and in the para-aortic group. In such patients, scattered
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hemosiderin-laden macrophages frequently were noted also in the
tracheobronchial, inguinal, axillary, and cervical nodes. The pattern
of lymph node involvement was confirmed microscopically in 6o nodes,
but in other necropsies the same pattern of involvement could easily
be followed with the naked eye.

Lung
Hemosiderin deposits usually were scanty and limited to the inter-

stitial tissues of the lung. In 4 cases with heavy liver pigmentation,
large granules of hemosiderin were found obstructing some of the
alveolar capillaries. Otker Pigments

In many livers a golden brownish pigment ("wear and tear" pigment)
was found in the liver cells. This could be demonstrated by basic
fuchsin. Iron was not demonstrated by the method used in this investi-
gation. This pigment stained poorly or not at all with the periodic acid-
Schiff's method, and it was sometimes sudanophilic even in paraffin
sections. Although this pigment generally was more frequent with
increasing age, the relationship was not absolute. Whereas hemosiderin
was first found at the periphery of the lobules, this pigment was most
marked at the center. In many cases the centrilobular cells contained
"hemofuscin" but no hemosiderin, whereas at the periphery, iron pig-
ment was present but no fuchsinophilic pigment. There was no correla-
tion between the presence of this pigment and the degree of siderosis.
A similar pigment which sometimes stained with the periodic acid-
Schiff's technique was found in the heart muscle.

In addition, in many siderotic cases a further fuchsinophilic pigment
was found. It was noted in the fibroblasts and macrophages of the
portal tracts, the epithelium of the biliary ducts, the interstitial tissues
of the pancreas, the capsule of the lymph glands and spleen, the myo-
cardium, and in the smooth muscles of the blood vessels, muscularis
mucosae, and myocardium (Fig. ii). It also was found occasionally
in voluntary muscle, in the choroid plexus, and renal tubules. In case
25, the lymphatics of the submucosa were outlined by hemosiderin
and fuchsinophilic pigment (Fig. I2). The color of this pigment varied
from gray to brown in unstained paraffin sections. It differed from
"wear and tear" pigment in that it was generally stained strongly by
the periodic acid-Schiff's technique. Frequently it stained with Sudan
black, even in paraffin section. It did not show iron. Its presence was
variable and although usually most marked in severe siderosis this
relationship was not absolute, in some cases little or none being found.
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It must be emphasized that this pigment, although constantly fuch-
sinophilic, showed considerable variation in its staining reactions in
organs from various parts of the body.

Although looked for in many cases, no ferrous iron was demon-
strated in appropriately stained sections of the liver and spleen.

DISCUSSION
In Table VI we have compared our observations on the major

clinical and morbid anatomical features of Bantu siderosis with those
in hemochromatosis and transfusional hemosiderosis as reported in
the literature. For present purposes, idiopathic or classical hemochro-
matosis will be referred to as hemochromatosis.

Clinical Findings
According to the observations of Strachan,1 Gillman and Gillman,3'32

and from our present series, siderosis occurs very frequently in adult
Bantu subjects examined at necropsy. It is rarely observed in the
young, increases with age, and appears to affect males slightly more
than females. The maximum incidence of hemochromatosis is in the
fifth decade.

Diabetes mellitus was not common in our series. It is found in 78
per cent of the reported cases of classical hemochromatosis.7 Accord-
ing to Brown et al.,2' it has been reported in 5 of 40 cases of trans-
fusional hemosiderosis.

Gross and Microscopic Findings
The general pattern of hemosiderin deposition in this series was

similar to that reported by other local authors.1'8'4
On naked-eye examination, deposition of hemosiderin was most

marked in the abdominal lymph nodes, spleen, liver, jejunum, and
bone marrow, and was negligible or absent in the heart, pancreas,
stomach, suprarenal and thyroid glands. The findings were confirmed
by microscopy and chemical analyses in selected cases. The basic pic-
ture was that of storage in the liver and the reticulo-endothelial sys-
tem.
The concentration of iron in the spleen was almost invariably

greater than in the liver, even in mild cases. In hemochromatosis the
iron content of the spleen is usually much lower than in the liver and
concentrations of the degree observed in severe Bantu siderosis have
not been reported. We have been able to find descriptions of only 2
cases of hemochromatosis in which the concentrations in both organs
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TABLE VI
Comparative Features of Siderosis in the Bantu, Idiopathic Hemochromatosis, and

Transfusional Hemosiderosis

Siderosis Idiopathic Transfusional
in the Bantu hemochromatosis* hemosiderosis$

Incidence Very common in the Very rare Very rare
Bantu

Age Increases with age Maximum incidence in No specific age
middle age

Sex Males affected earlier Males: females= 20:I No difference between
and more severely sexes
than females

Diabetes Very rare 78% of cases Has been reported

Hematologic Normal Normal Associated with blood
picture dyscrasias

Serum iron Frequently abnormally Usually increasedt Usually increased
high

Liver
Cirrhosis Present in one fourth Invariably present Portal fibrosis

of severe cases frequently reported

Weight Variable Usually increased Variable

Iron content High in advanced stage High in advanced stage Depends mainly on
number and volume
of transfusions

Pancreas
Fibrosis Rare and unrelated to go% of cases Sometimes found

degree of siderosis

Hemosiderin Present only in Invariably present Deposits sometimes
severe cases found

Spleen
Weight Within normal limits Increased Variable

Iron content Very high Increased High

Stomach Usually no epithelial Iron usually found in Sometimes found
iron present epithelial cells

Intestine Much pigment in villi Slight pigmentation of Not reported (not found
of upper small bowel villi in one case examined

by us)

Heart Iron pigment rarely Hemosiderin present Sometimes pigmented
observed in go% of cases

Bone marrow Heavily iron pigmented Little or no iron pig- Iron pigment
ment present occasionally observed

Type of iron Essentially in reticulo- Essentially parenchymal Both systems equally
distribution endothelial system involved

* Mainly after Sheldon.7'26
, Rath and Finch.49
: Abstracted mainly from Schwartz and Blumenthal,11 Wyatt et al.,12 Brown et al.21
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were similar, namely, the cases of Bernoulli7a (cited by Sheldon7) and
Vogt.33 Several authors have emphasized the relatively small amount
of hemosiderin found in the spleen,7',' and our findings are in agree-
ment (cases 26 and 27). In 2 cases of transfusional hemosiderosis
which we studied, the concentration of splenic iron was approximately
equal to that in the liver (2 to 3 per cent). In animals which had
received iron by injection, Polson'9 found a late reduction in the con-
centration of splenic iron after an early rise, due to increased storage
in the liver. If, however, Bantu siderosis and hemochromatosis are
considered basically similar conditions, it is difficult to explain the
different concentrations of iron in the spleen on this hypothesis.
A striking feature of this series was the absence of pancreatic pig-

mentation in the majority of cases. Even when hemosiderin deposits
were marked in the liver and spleen, the pancreas showed only scat-
tered iron-laden interstitial macrophages; in only a few very severe
cases was iron pigment seen in the glandular and islet cells and then
usually only in traces. This is in contrast to hemochromatosis in which
heavy iron pigmentation is invariably present, the iron content aver-
aging ioo times the normal average value.7
The absence of significant hemosiderin deposits in the epithelial

elements of the stomach, the thyroid, salivary, and suprarenal glands,
and the myocardium is also in striking contrast to hemochromatosis
where these organs are almost invariably pigmented.

Although slight hemosiderin deposits occur in the intestinal villi in
hemochromatosis,7 massive pigment deposition in the jejunal and the
duodenal mucosa, as found in our cases, is not a feature. Such de-
posits, however, are noted in the intestines of rats and guinea-pigs
which have ingested large amount of iron23'34; and in mice16 and dogs,6
after the injection of saccharated iron. Cappell'6 considered these de-
posits to arise from the re-absorption of intestinal iron which was of
either dietetic or biliary origin. Such deposits have been reported in
transfusional hemosiderosis in man,35 but in many reports on this
condition, no specific mention of intestinal pigmentation has been
made. In one of our 2 cases of transfusional hemosiderosis, in which
the concentration of liver iron was 2.58 per cent of the dry weight, no
hemosiderin was observed in the jejunal villi.

It seems reasonable, therefore, to regard the upper portion of the
small intestine as an area of high iron activity, possibly related to
absorption. Further, where pigment deposits were large, the endo-
thelial cells of the submucosal lymphatics often contained iron pig-
ment, as did the corresponding lymph nodes (Figs. io and I3), and
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relatively little iron was observed in the ileum or colon and their lymph
nodes. On anatomical grounds, this suggests that these increased
hemosiderin deposits were derived from active absorption in the small
intestine, rather than by retrograde spread in the mesenteric lym-
phatics.
The fine portal fibrosis described in the liver of Bantu patients at

all ages has been confirmed. Such tracts show varying degrees of
fibroblastic activity and cellular infiltration. As the proportion of
patients with cirrhosis in each decade does not increase markedly,
these proliferative changes in the portal tracts probably may cease to
progress at any age, and cirrhosis is not an invariable result. This is
also the opinion of Gillman and Gillman,32 who considered these
changes nutritional in origin. In the majority of cases, this cirrhosis
is of a fine multilobular type, fibrosis apparently being the dominant
feature and not necrosis. Our findings are very similar to those of
Vint36 in East Africa.

All degrees of siderosis were found accompanying these various
histologic patterns. Only one fourth of the cases with severe siderosis
showed cirrhosis. In 7 cases with cirrhosis, hemosiderin deposition was
absent, and conversely, ii severely siderotic livers showed no signifi-
cant portal fibrosis.

Gillman and Gillman3 classified their cases of Bantu siderosis, first,
by the degree of fatty changes in the parenchymal cells, and secondly,
according to the distribution of hemosiderin in the liver cells, Kupffer
cells, and portal tracts. They considered these types to represent vari-
ous stages in the evolution of classical hemochromatosis. It is very
doubtful whether fatty change in the liver can be related to siderosis
which is usually first observed in the third decade, whereas the ma-
jority of fatty livers found by these authors among the Bantu were in
patients with kwashiorkor, dying during the first 2 years of life. This
has been our experience also. In Uganda, kwashiorkor with fatty
liver is common,37 but siderosis in adults is not observed.38 In our
series there was no relationship between pigmentation and fatty
change, the latter appearing to be dependent upon the primary disease.
We also have observed no correlation between the concentration of
iron in the liver and the distribution in the parenchymal cells, Kupffer
cells, and portal tracts. For these reasons we consider the absolute
concentration of hepatic iron a better index of the evolution of Bantu
siderosis than the pattern of pigment distribution in the liver. Further,
in our opinion it is inadequate to base any classification of siderosis on
the pattern in the liver without considering the general distribution in
the body.
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It is, of course, dangerous to dogmatize on the evolution of a dis-
ease from the static picture at necropsy. However, although slight
deposits of hemosiderin have been reported in chronic bacterial dis-
eases,39 in the majority of our cases with slight or moderate siderosis,
the pigmentation could not be so ascribed. We consider it reasonable
to accept these as representing an early stage in the evolution of Bantu
siderosis.

Cappell16 showed that after the injection of saccharated oxide of
iron in mice, the iron first appeared in the cells of the reticulo-endo-
thelial system, and shortly after in the epithelial cells of the liver. On
this account, and arguing by analogy from Cappell's experiments, we
consider cases with only reticulo-endothelial involvement to represent
the earliest stage in evolution. We also believe that the development of
the morbid anatomical pattern in this series is very similar to that
described in mice by Cappell. It is possible that the 8 livers in which
parenchymal iron alone was present correspond to those livers in mice
in which new non-iron-containing Kupffer cells have replaced the older
cells. In Bantu siderosis, it appears that not until the concentration
of iron in the liver cells and reticulo-endothelial system is high, can
hemosiderin be demonstrated histologically in the parenchymal cells of
the heart, pancreas, and salivary and thyroid glands. Although chemi-
cal estimation shows some increase in the iron content of these organs,
this is probably mainly due to hemosiderin-laden phagocytes and ex-
tracellular deposits in the interstitial tissues. Epithelial hemosiderin
deposits can, however, usually be demonstrated in the pancreas, thy-
roid and suprarenal glands, and heart when the concentration of
hepatic iron approaches 3 per cent drv weight and splenic iron 5 per
cent dry weight, approximately. In contrast, in cases of hemochroma-
tosis, even when the concentration of hepatic iron is as low as I to 2
per cent dry weight, it is usual to observe considerable pigment in the
parenchymal cells of the heart, pancreas, and thyroid gland.7 In re-
viewing the distribution of iron in hemochromatosis, as described by
Sheldon and later authors, we agree with Brown et al.21 who considered
that in hemochromatosis, storage even in the early stages is essentially
in the parenchymal tissues. On the other hand, it appears to us that
Bantu siderosis is mainly storage of excess iron initially throughout
the general reticulo-endothelial system and in the liver cells. Iron pig-
ment was not observed in this series in the parenchyma of organs other
than the liver in the absence of heavy involvement of the reticulo-
endothelial system. It is not possible, however, to distinguish between
Bantu siderosis, hemochromatosis, or transfusional hemosiderosis by
chemical or histologic examination of the liver alone. Although epi-
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thelial deposits may be considerable, as illustrated by Gillman and
Gillman5 in Figures I56 and I67, and in case 25 of our series, we
consider that the distinction from hemochromatosis can usually be
made by the predominantly reticulo-endothelial involvement.

In transfusional hemosiderosis, the appearance of hemosiderin in
the epithelial elements occurs at an early stage. This may be partly
due to rapid overload of the reticulo-endothelial system because of the
short period in which the condition develops. In some cases of trans-
fusional hemosiderosis an identical pattern to that found in hemo-
chromatosis has been described; in others the picture resembles our
cases.35 It is, however, possible that the degree of epithelial involve-
ment in all three conditions may depend on the length of time during
which they develop.
The relationship of cirrhosis and hemosiderin deposition has re-

ceived considerable attention. The presence of increased fibrous tissue
in the liver and pancreas in transfusional hemosiderosis has suggested
that iron-pigment can produce fibrosis." This view is not held by
Wyatt, Mighton, and Moragues.'2 The histograms in Text-figures i
and 2 show that there is a high incidence of severe hemosiderosis in
cirrhotic cases. But of 7 livers with cirrhosis without hemosiderosis,
5 were from patients under 35 years of age, whereas all but 2 of the
severely siderotic livers with cirrhosis were in subjects over 40 years.
The frequency of both siderosis and hepatic fibrosis increases with age,
and the apparent relationship may, accordingly, be fortuitous. Further,
it is difficult to explain the lesser degree of siderosis observed in livers
from female subjects, if fibrosis and siderosis are causally related.
As iron-laden reticulo-endothelial cells tend to migrate to the hepatic

lymphatics,'6 there is possibly a tendency in siderosis for iron pigment
to collect in enlarged portal tracts, causing the histologic picture seen
in Figures 5 and 6. This might explain the correlation between severe
cases of hemosiderosis and cirrhosis. On the other hand the degree of
fibrosis in individual portal tracts was unrelated to the amount of iron
pigment present in them. In some tracts, only a few iron-laden macro-
phages were seen; in other tracts in the same section, massive deposits
were observed.

It has been stated that in hemochromatosis, fibrosis of the pancreas
and spleen is a function of hepatic cirrhosis, and is unrelated to iron
deposition.40 Fibrosis of the spleen, lymph nodes, and intestinal villi
was not a feature of our cases and there was no correlation between the
degree of siderosis and pancreatic fibrosis, when present. Deposition
of hemosiderin does not produce fibrosis in animals.16'20'21 For these
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reasons we agree with Gillman and Gillman32 that fibrosis cannot be
regarded as dependent upon hemosiderin deposition. Further, fibrosis
and cirrhosis of the liver are commonly observed in other parts of
Africa, where siderosis has not been reported.36'38'41
The classification of the non-iron-containing fuchsinophilic pigments

in the body is difficult as they show a variety of staining reactions. In
Bantu siderosis there is, however, a general increase in fuchsinophilic
pigment. We agree, however, with Cappell42 that the term "haemo-
fuscin" is poorly defined and suggest that until these various pigments
have been adequately classified they should be described according to
their staining reactions.

ETIOLOGY

The hypothesis that siderosis in the Bantu is due to metallic poison-
ing' has received no confirmation. Sheldon7 suggested that parasitic
infestation may be responsible; but we regard this as unlikely, as has
been shown by Gillman and Gillman.3

Gillman and associate workers 24,32 maintained that malnutrition
and pellagra cause hepatic damage, with deposition of hemosiderin in
the liver cells (cytosiderosis); later, this is followed by excretion of
iron in the bile, with consequent reabsorption and widespread iron
deposition (siderosis). Our post-mortem findings, however, indicate
that iron deposition is widespread in the reticulo-endothelial system
from the beginning, and division into two stages is not possible. More-
over, we wish to reiterate that it is unwise to isolate changes in the
liver from those in the rest of the body.

If iron deposition was a feature of pellagra in South Africa, one
would expect an approximately similar histologic picture in all cases
of acute pellagra on admission to hospital, if the metabolic processes
involved were similar in each. This was not reported by these authors,
nor has it been our experience. Further, our liver biopsies from
patients suffering from many different diseases have shown the same
range of histologic pattern.

In undernutrition and starvation, hemosiderin deposits occur in both
liver and spleen.'4 This is associated with general atrophy of the
organs, and has been ascribed to breakdown of tissue. In our series,
many patients were clearly not optimally nourished, but significant
visceral atrophy was not observed, even on microscopic examination.
In the Japanese series'4 the average weight of the liver was goo gm.,
as against I550 gm. in severe siderosis in this series. Further, one
fifth of our patients with marked siderosis were apparently well nour-
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ished. While undernutrition and infection may accentuate pre-existing
siderosis in the Bantu, we do not consider these factors of major im-
portance in the etiology of the condition.

It has been found that when mice, rats, and dogs are fed a corn
grit diet, abnormal deposition of iron occurs, such deposition being
aggravated by a high iron intake.6'2324 This phenomenon was found
to be due almost wholly to a deficiency of phosphorus. We have been
able to find no reports of such studies in man. In one case of hemo-
chromatosis examined by Bothwell43 no effect was noted on iron ab-
sorption by the addition of phosphates to the diet. It is doubtful,
moreover, whether deficiency of this element could be involved in
Bantu siderosis, since the high cereal diet of these people is rich in
phosphorus.

Allusion has been made also to the observation that when rats,
rabbits, and dogs ingest an abnormally large amount of iron, excessive
absorption, retention, and deposition occur, even when the diet con-
sumed is adequate. Walker and Arvidsson44 reported that large
amounts of adventitious iron are frequently present in the diet of the
Bantu, as much as 200 mg. per day being ingested. Walker45 consid-
ered that there is enough published experimental evidence in man to
show that this intake is sufficiently high to permit unrequired iron to
be absorbed, retained, and deposited in the body; and that this may
perhaps account for the condition under consideration. Further in-
formation is needed, of course, on the effects of malnutrition plus high
iron intake on iron absorption in man before this view can be accepted
or rejected.
The etiologic fault in hemochromatosis is unknown. Sheldon7'26

suggested that there is an inborn error of metabolism. Granick46 put
forward the hypothesis of increased iron absorption due to a greater
reducing tendency of cells for iron. That such a high absorption does
exist in some acute cases has been shown,47 although this phenomenon
may be secondary. Althausen et al.48 did not consider malnutrition to
be an etiologic factor. Despite these uncertainties, it will be apparent
from evidence presented in this paper that the morbid anatomical pat-
tern of hemosiderosis in idiopathic hemochromatosis is different from
that observed in Bantu siderosis. This fact, together with the other
points discussed, suggests that it is improbable that the two conditions
are due to the same abnormality.

SUMMARY

In the South African Bantu, siderosis is a common phenomenon.
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Its morbid anatomical features and the pattern of iron distribution
(histologic and chemical) have been described.

It has been suggested that iron storage occurs principally in the
reticulo-endothelial system and liver and not until heavy deposits are
present in this system does the element appear in the epithelial tissues.
This basic pattern of storage in the liver and reticulo-endothelial sys-
tem continues to be observed, even in severe cases. By contrast, in
classical hemochromatosis, iron storage is believed to be mainly
parenchymal.
The relationship of hepatic fibrosis to siderosis has been examined.

It has been confirmed that varying degrees of portal tract fibrosis in
the liver are a frequent incidental observation among Bantu patients.
No constant correlation was found between the degree of fibrosis and
the amount of iron pigment in the liver. Further, cases of severe
siderosis were seen without cirrhosis, and conversely, cases of cirrhosis
without siderosis. Fibrosis was not observed in other markedly hemo-
siderotic organs.
The possible etiology of the condition has been discussed. It is

unlikely to be due to metallic poisoning or parasites; it is doubtful
whether undernutrition, malnutrition, or pellagra can be regarded as
major etiologic factors. The possibility of oral iron overload occurring
among these people would seem to merit further investigation. Finally,
the different pattern of iron deposition in idiopathic hemochromatosis
and Bantu siderosis argues against these conditions having a common
etiology.
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LEGENDS FOR FIGURES

Unless otherwise stated, all sections are stained for iron-containing pigment by
hot potassium ferrocyanide and hydrochloric acid, and counterstained with basic
fuchsin.

FIG. I. Section of liver showing the slight portal fibrosis which is common among
Bantu patients. Hematoxylin and eosin stain. X I05.

FIG. 2. Fine multilobular cirrhosis in non-pigmented liver. Hematoxylin and eosin
stain. X I05.
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FIG. 3. Section of liver from case I4. Hemosiderin is almost entirely confined to
the Kupffer cells. The spleen in this patient showed moderate iron pigmentation.
X I40.

FIG. 4. Large hemosiderin granules filling the parenchymal cells of the liver. This
iiver was classified as structurally normal. X i8o.

FIG. 5. This section shows Kupffer cells containing dense masses of hemosiderin
lying in the sinusoids of the liver. In addition, heavy deposits of intracellular
and extracellular pigment are present in the portal tracts. X i8o.
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FIG. 6. Severe siderosis of cirrhotic liver (case 25). X 210.

FIG. 7. Infiltration of hemosiderin-laden macrophages into an area of fibrous scar-
ring in the liver. Hematoxylin and eosin stain. X 2IO.

FIG. 8. Dense masses of hemosiderin in splenic pulp. X zio.
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FIG. 9. Heavy hemosiderin deposits in substantia propria of duodenal villi. No pig-
ment was found in Brunner's glands. X i8o.

FIG. io. Low-power view of duodenum and draining lymph glands. There are heavy
deposits of hemosiderin in mucosa and glands. Same case as that from which
Figure 9 was derived. X 20.

FIG. I [. Dense masses of hemosiderin in portal lymph gland. The lymph follicle is
relatively unaffected. X i8o.
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FIG. I 2. Hemofuscin pigment in cells of muscularis mucosae of the stomach. Periodic
acid Schiff's stain. X I200.

FIG. I3. Submucosal lymphatic in jejunum. The pigment (A) is hemosiderin; the
finer granules (B) are fuchsinophilic pigment. X 525.
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