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Abnormal destruction of erythrocytes by the cells of the reticilo-
endotheial system is characteristic of many hemolytic anemias.
However, these cells seldom exhibit morphologic evidence of erythro-
phagocytosis. It has been seen occasionally in pernicious anemia,
hemolytic jaundice, sicle cell anemia, icterus gravis neonatorum and
Well's disease. The degree to which this erythrophag is is ap-
parent differs in various parts of the reticulo-endothelial system. The
spleen, as a rule, shows very little evidence of this process.1
The pathologic changes of the different organs in sickle cell anemia

have been repeatedly srnmmarized.- It has been stated that the Kupf-
fer cells in the liver frequently exhibit phagocytized red blood cellS.2'J
The changes in the spleen also have been thoroughly investigated.8
The details, however, as to the frequency and extent of these processes
are not yet established.
ITe case of sickle cell disease herein reported is illustrative of a

disproportional degree of erythro in the liver and of
hemosiderosis in the spleen. A survey of the occurrence of these proc-
esses in a number of cases mined at necropsy, with an attempt to
correiate the splenic and hepatic changes, is also induded. A Similar
analysis of the reported cases in the literature with complete necropsy
data has also been attempted.

MATERIAL

From 4,o94 postmortem aminations at Charity Hospital of Loui-
siana from January I, I939, to January I, 1942, 12 cases of sickle cell
disease were available for study. Cases with incomplete data were
excluded. Data pertaining to the age, sex, size of the spleen and liver,
and the degree of erythr tosis and hemosiderosis were tabu-
lated. In addition to the routine hematoylin and eosin staining, the
presence of hemosiderin was tested by the Turnbull-blue reaction.'

Since the anemia s not established in all cases, the term "sickle
cell disease" will be used, rather than "sickle cl anea"

REPORT OF ILLUSTRATIVE CASE

A colored male, 14 years of age (see case no. 3, Table II), was admitted with
cough, and edema of the face. He gave a history of having had heart troubl for
i year. Three years prior to admission he had had rheumatic fever.

* Received for publcaton, June , I942.
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EIamination revealed a poorly nourished, but fairly well developed patient with
a t ature of 99.6' F.; pulse, IIo; ition, 26; blood pressure, II6/40.
The heart was mal arged. A blowing systolic apcal mumur was heard.
ITe li was ma ly elar On the anterior aspect of the leg there wer
numerTDs small scar prest

Laboratory Findngs. The blood examination was as follows: Hemogobin, .8
gmn per Iroo CC., 40% (Helige); red blood cell, 1,780,000; wite blood cels, I9,o;
nuleated red cells, 6o,ooo, and platelets, Soo,ooo per cmm.; atocrit 21.5
(Wmtrobe); PolYmorPhOnudears, 48 per cent; esinophils, 4 per cent; monocytes,
9 per cent; lyMphOCyteS, 25 per cent; promyelocytes, 2 per cent; myelocytes, 9
per cent, and metamyelocytes, 3 per cent. The wet preparation showed go per
cent of the red blood cel to be siclde-shaped. The fraglity of the red cells was
normaL. A sternal puncture rvealed a hyperplastic, pronormoblastic marrow.
Clotting time and oagulation time (Lee-White) were within normal limits. The
urine showed no deviation from the normaL 1The icterus index was 66; the va den
Bergh test showed 7.6 mg. of bflirubin per I0o cc. (direct method). Four days
later the van den Bergh test gave 25 mg. of bilirubin per Ioo cc. (direct methid).
The Klie flulation test was negative. On several occasions the sputum was
ngtive for acid-fast bacil Roentgenograms of the chest showed far advanced
bilateral pulmonary tLUberculosis and cardiac e m nt.Tihe elph
showed evidece of myocdal disease typical of rheumatic mitral stenosis.

ClIical Course. Patient-became proessive more anemic and developed jaun-
dice, d a, and pitting edema of both legs. His tem ature became of septic
type, and he exPired 77 daYs after ission to the hospital

Necropsy Findings
There was marked edema of the face and lower extremities. Both

legs presented numerous scars on the anterior aspects. The heart
weighed 5oo gm. and showed marked right ventricular hypertrophy
and mitral stenosis. The lungs presented a far advanced exudative
tuberculosis with numerous cavities. Enlarged caseous hilar nodes
were present. The spleen was s , firm, purplish in color and
weighed 24 gm. Its cut surfaces were fibrous. The liver weighed 360o
gi., and the cut surfaces revealed diffusely scattered grayish yellow
areas measuring I mm. in diameter. The kidneys were markedly en-
larged, weighing together 720 gm. The sternum, thoracic vertebrae
and the middle portion of the femur presented red, active marrow.

Histologic Examntion
A large proportion of the red blood cells were sile-shaped in all

organs. . The sinusoids of the liver were markedly distended; the
Kupffer cells were enlarged and their cytoplasm contained numerous
sickle-shaped red blood cells (Fig. 4). The liver cells were compressed
and contained finely granular cytoplasm, with well stained nuclei.
Occasional small areas of extamedullary myelopoiesis were seen.
Some bile capillaries contained bile plugs. The spleen showed a marked
increase in connective tissue. Around the blood vessels large amounts
of dark brownish green pigment were deposited, which varied in inten-
sity. Also aggregations of dark blue incrustations were evident. The
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ERTYHROPHAGOCYTOSIS IN SICKLE CELL DISEASE

lymph follicles were sa and without germinal centers. Some sinus-
oids were distended with sickle-shaped red blood cells. The walls of
the usoids were thickened and the sinus endothelial cells were
conspicuous, occasonally containing phagoytized red blood cels. In
addition to the tuberculous lesions, the lungs showed large alveolar
phagocytes containing sicle-shapd red blood cels. The kidneys
showed hyperemia, interstitial edema and smal areas of erythropoiesis.
Active pronormoblastic erythropoiesis was seen in the bone marrow.
The mesenteric lymph nodes presented sa follicles and rkedy
distended sinusoids, with active erythroa is by sinusoidal
cells. The Turnbull-blue stain was strongly positive in the spleen
and slightly positive in the liver, kidneys, bone marrow and mesenteric
lymph nodes.

Susmmy of Case
In the case presented the spleen was s and fibrous with calium

and iron incrustations. The liver was greatly enlarged (Fig. 6) and
exhiibited a marked degree of ery ha i. The various por-
tions of the reticulo-endothelial system appeared to be in quite dif-
ferent functional stages. The splenic reticulo-endothelium appeared
to be inactive while the Kupifer cells exhibited marked hyperactivity.

OBSERVATIONS, INCLUDING ADDmONAL CASES
The 12 cases were divided into two groups according to the size of

the spleen. The first group (Table I) included 7 cases in which the
spleen was of normal weight or enlaged (average 2864 gm.). The

TA= I
Cases of Sickke Cdl Diae with Spkexs of Nomal Weght, or Larger

Spleen Liv i cto Hem |ros CompaingCawgo Ag 5Se gm gm. rabo S_ _r S_e Liver d
I. W. S. 28 M 140 IS3S Io.96 + Brainabscess
2. E.K 47 M x6o 172 0.75 LS+ +Acute thyro-

3. L. M. 40 F 225 2400 9.60 + - + - yevep
4 M. S. 6 M 70 64C 9.14 + + + W;Im' tuor

. A. L. 9 M 3150 220 .66 - ++ ++ Type23

6. J. W. 54 M 190 31790 9.42 + ++ Hyptension

7 Z. K. 17 M 11070 6S '.54 + ++ + Abdominal

Average 34 286.4 170S
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livers of this group were of normal weight or moderately enlarged
(average 1705 gnL). The average age of the patients in this group
was 344 years, the ages from 6 to 54 years.
The second group (Table II) consisted of 5 cases in which the

spleen was small (average 19.7 gin.). The livers varied from a normal
size to markedy enlarged (average 2Io6 gin). The average age was
I9 years, the ages ranging from Ii4 to 39 years.

Because of the wide age range in both groups the hepatic-splenic
ratio was computed according to the method given by Ahronheim, 10

TAMZ II[
Casms of Sickle Cel Dims with Smal Splee

Splen _vf Liv- pagocyt Comig
Ca n10. Age Sex gm- Vn rafi dM11

. ~~~~~~SDpeLiver Spm Liver

I. E. L. 22 M 5 4 195C 36.1 +++ + Abdominal

2. E. R. 39 F 7.0 1250 178.6 - +++
3. C. 0. H. I4 M 24.0 36 150.0 ++ ++ ++++ Tuberculosis

. W.M.L.8 F 50.0 3 6i.6 + +++- PosXrtum
thrombo-
phlebitis

S. F. W. 2 F 12.0 65o 54.2 + ++ e tic
fever

Average 19. 19. 2 100

who found that the normal ratio between hepatic and spleic weight is
9.3: I. The ratios for the cases tabulated in Table I were close to or
slightly above this value, with two exceptions-cases nos. 5 and 7.
Case no. 4, a boy of 6 years, showed absolute values above the normal
for his age, " but the hepatic-splenic ratio was within normal limits.
The cas tabulated in the second group showed very high values for
the ratio, idicating a rked diminution of the spleen and enlarge-
ment of the liver in all instan .

Histopathology of the Liver
The livers were enlarged, reddish brown and firm. Histologic study

revealed marked congestion, the sinusoids being distended and filled
with siclde-shaped red blood cells. The Kupffer cels were swollen and
exhibited varying degrees of erythrophagocytosis. This was most
marked in case no. i, Table II (Fig. 4). The liver cords were
regularly arranged and the parenchymal cells were compressed or
slighftly swollen and granular. Infrequently lipoidosis in varying de-
grees was seen.
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ERYTHROPHAGOCYTOSIS IN SICL CELL DISEASE

Histopatkology of the EnLarged and Nomal-Sized Spleens
The spleens of the first group revealed a marked congestion of the

sinusoids and venous sinuses, which were filled with sickle-shaped
red blood cell. The lining cells of the sinusoids formed thin, irregu-
lar, netlike structures. The central arteries were also markedly dilated
and the foHides were without germinal ceters. Often there were
pools of extravasated blood around the follicles. This was most marked
m case no. 7, Table I, in which the spleen weighed 107gm0 (Fig 5).
Varying amounts of iron-containing pigment were found. The reticu-
lm showed in places a s t thicker fibrillar network, upon which
hemosiderin was deposited in the form of mycelimlike tds (Fig.
I). These changes were often confined to the Vcnit of the small
blood vessels. Around the periadventitial tissue the reticulum co-
alesced to form a thick hyaline network, and here the Turnbull-blue
stain revealed thick rods of deposited iron (Fig. 2). In irregular areas
caldium deposits were also present and smll hemorrhages and old
infarcts of s size were often seen.

Histopatkology of the Fibrotic Speens
There was an incrase of hyaline connetive tissue and w_iening

of the trbeculae in the fibrotic spe. In this conective tissue, ir-
regular areas of dark bluish green or brownish s, often arranged
in parallel rods resembling bamboo sticks, were formed. In other
instances, the deposits formed structuress bluish brown masses (Fig.
3). The walls of the siusoids were thickened, and their endothelial
lining cells were fttened. Distorted red blood cells filled the sinus-
oids. y ag by the sinus endotheial cells was minimal.
The follies were iconsicuous and without germinal cters. The
iron stain was strongly positive n all but one instance (case no. i,
Table II), in which the spleen was very small and in which the paren-
chyma was replaced by fibrous connive tissue.

REviEw OF CASIE FROM THE LITERATURE

A large nmber of cases of sickle cell dis have been reported
but complete necropsy data are available in only a limited n r.
In reviewing the literature, only 13 cases were found in which there
were included data pertaining to the age, sex, size of the spleen and
liver, and the degree of erythrophagocytosis and hemosiderosis. These
cases have been grouped according to the siz of the spleens.
The first group consisted of 5 cases with normal or enlarged spleens

(Table I). No average can be gven since only one adult was in-
cluded in this group, but the hepatic-splenic weight ratio dearly
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indicates splenomegaly. Case no. i, a colored girl, 4 years of age,
was included because the weights of her spleen and liver were within
normal limits.u The re nder of the cases showed a definite sple-
nomegaly.
The second group consisted of 8 cases with siderofibrotic spleens

and correspondingly high values for the hepatic-splenic ratios (Table
IV). The age range in this group was from 6 to 38 years, the average
age being 20.5 years. The spleens again were markedly atrophic

TAmZ m
Colected Cases of Sikle Cel Diswe with Sples of Normal Weight, or Larger

Author and Spleen Liver Liven Eeroois o ting
year Ag Sex va- Pt- 1todle _ Spie Liver SDieen Liver

Wonstein and
Kreidel,5 4 F 30. '5.3 ++ ++ +
1928

Wolisteinan
Krdel,s 3 M 21004 2.2 ++ + +
31928

Wolistein and
Kreidel,5 3 M 182.0 430 2.4 ++ + +
1928

TLash,'4 Cervi
31934 21 F 960 24 2.5 - - -

se|tion

Ryerson and
Terphan,154 F42S.0 50 1.2 ++ ++++-
'93 I__

(average 154 gm.). The livers were of normal size or enlarged (av-
erage 1834 gi.), as indiCated by the uniformly high values for
the liver-spleen ratios.

COMIET

This survey indicates that varying degrees of erythrophatosis
were present in sickle cell disease. The Kupffer cells of the liver most
frequently exhibited engulfed red blood cells, while the splenic reticu-
lum cells only occasionally showed signs of erythrophagocytosis. The
changes in the spleen, however, were more varied in nature and more
severe than those of the liver. An abnormal distention of the perifol-
licular sinusoids, hemorrhages and hemosiderosis constituted the dif-
ferent stages of the splenic lesion, producing the siderofibrotic spleen.

In the literature markedly enlarged spleens were reported chiefly
in young children (Table III). There was only one adult in this
group, a female, 21 years old. Cases with normal spleens, or with
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splens but slighy smaller than normal, were induded in Table I.
These probably are the less severe forms of sickle cel di, as
h in all in was due toco conditions.
Thme cases tabulated in Tables II and IV are the severe forms of

sickle cell disase with siderofibrotic sple. Assembled repectively
from the records of Chaity Hospital of Lo and from the re-
ported cases in the literature, these two groups show remarkable smi-
larities.

TAm IV
Colected Cases of Sikk Cel Diseae with SmaU Spkes

Author and Spleen liver livm p&aoeyt.le CopVctn
year Age Sexgn- gm- ~ ~ ~ ~ ~ ~ sea

Graham,' Stepbxus
1924 30 F 28.0 2567 92.0 - + +++ + septkemia

Syden-
etikr,12 6 M 7.9 69 87.0 - - + -

X924

JaffI,"I
1927 8 M xO.O goo 90.0 - ++ ++ Tubrculosis

1927 6 F 10.0 13 130.0 - ++ ++ +

Ching and
Diggs,18 F 10.5 2210 210.0 - - -

'1933

Yater and
Hans-
In93n6 38 F 7.0 171S 245.0 - ++++ Abdominal
1936 cii

Yater and

maatnn,l 25 F 35S.0 59.72-7+++++ AbdominiA
1936 cii

Bauier,
1940 33 F I5.0 32 213.0 + + ++ -

Average 2O.5 I5.4 1834

From the available cinical data it is difflculttto establish the dur-
tion of active sickle cell disease. Diggs, 8 who studied thorughly the
changes m the spleein le cell anemia, conduded that there is
no direct correIation between the size of the spleen and the duration of
the disease as indicated by the age of the patient. A large spleen was
usually found in the early phases of the disease, while a atphic
spleen was carac of the later p s. This is, however, not
without exception. Therefore, the duration of the disease could be
determined more aately by the histologic changes present.
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Cases induded in Table I were characterized by normal or enlarged
spleens, with histopathologic changes suggestive of shorter duration,
and cases in Table II revealed siderofibrotic spleens, indicating longer
duration. It is difficIt to correlate these changes with the duration
of the disease when one considers that the average age of the first
group was 344 years and of the second, I9.0 years. There exist both
active and latent varieties of sickle cell disease,'2 differing in degree
rather than in kind. The first group probably represented the latent
cases, and the second group the active cases. However, the pathologic
changes differed only in degree. The enlarged spleens and the normal-
siz spleens presented similar pathologic changes, differing agai only
in degree. In the active cases the liver-spleen ratios were much lower
(Table I) or much higher (Tables II and IV) than normal, while
in the latent form (Table I), they were nearly normal.
No direct corrlation existed between e hagoytosis and com-

plicating infectious disease'1 (Tables I to IV).

Sumoxzy

An example of sickle cell disease is reported in which there was a
very marked degree of erythris.
Twelve cases of sickle cell disease were studied from 4,o94 autop-

sies. These were divided into two groups: those with large and normal-
sized spleens and normal or slightly enlarged livers; and those with
siderofibrotic spleens and enlarged livers. These correlations were
definitely demonstrated by the liver-spleen ratios.

Thirteen cases with complete necropsy data were collected from
the literature and also tabulated according to the weight of their
sleens. Definite splenomegaly was present in 4 cases. There was a
normal-Sized spleen in one case, and eight cases showed marked sidero-
fibrotic changes with high values for the liver-spleen ratio.
The Kupffer cells were the most actively participating parts of the

reticulo-endothelium in erythrophagocytosis. ITnis process is not de-
pendent upon coexisting infection.
The splenic changes may serve as criteria for the degree of activity

but not for the duration of the sickle cell disease. The latent cases
also present definite changes in the spleen and liver similar to those
seen in active cases. The spleen may be enlarged, normal, or markedly
fibrosed in sickle cell disease.
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DESCRITION OF PLATES

PLATE 27

FRm I. (Case no. 4, Table IL) Spleen: marke distetin of the si_nsoids
Hemosiderin has bee de d in mye e fashion. Tubull-blue sta
X 300*

iv 2. (Case no 4, Table IL) Spleen: rodlike its of hemnidei Tubul-
blue stain. X 335.

FrGm 3. Case no. I, Table IL) Splee: a typical iderofibrotic area with marked
bemos'lerin and cacin incru Tunbull-bie stain. X 45.

Fi. 4. (Case no. I, Table IL) Iver: the Kupffer cel show a marked degree of
ytr agocytosis. Hematoxyln and eosin stain. X 335.
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PLATE 27

o'te 4

Eryhophagocytosis in Sikle Cell Disease
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PLATE 28

FIG. 5. (Case no. 7, Table I.) Spleen: mar}kedly distended sinusoids. Sickle-shaped
red blood cells are found in the pool around the lymph follicle. Hematoxylin
and eosin stain. X Ioo.

FIG. 6. (Case no. i, Table H.) Spleen and liver: marked disproportion in size.
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Erythrophagocytosis in SiCk Cel Disease
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