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— INTRODUCTION.

The progress in the field of blood groups has rapid=
ly expanded since Landsteiner first discovered the four basic
blood groups. The new Eh factor has explained many previous
problems in medicine. <t has explained the intragroup trens=
fusion reactions and erythroblastosis fetalis. Besides these
two conditions it has found importence in legal medicine and
in the study of genetics.

Erythroblastosis fetalis has long been known as a
clinical entity but not until 1941 was there any specific
etiology given for this condition. This problem has bsexn
publicized ver; much en’ ~oecaived much attention in the
last few years. It has zr:rigued many as well as myself.
Through some study of this disease the condition of jaundice
in the newborn has stimulated interest in it as to other
possible causes besides erythroblastosis fetalis,

This interest, therefore, leads to the problem of
the differential diagnosis of jaundice in the newborne The
diagnosis, and thus the differential diagnosis, is important
in the prognosis for future childbearing and in the &treatment.

This peper will attempt briefly to present the
clinical picture of erythroblastosis fetalis and most of the
conditions that simulate this disease. 4 short discussion

will also be given on the normal blood picture in infants



and some of the criteria for the diagnosis of the disease

in the living infant as well as in the post mortem examination.



HISTORICAL REVIEW.

Since the disocovery in 13900 of different blood
groups within the species by “andsteiner (38) other sub-
groups have been identified. It weas not until January of
1940 that Landsteiner (39) following along his experiments
with animal sera found that rabbits injected with rhesus
monkey blood would agglutinate the oells of 39 of 45 random
human bloods. He stated at this time in his artiocle:

"The capacity possessed by some rabbit immune sera
produced with blood of Rhesus monkeys, of reacting with
human bloods that contain the agglutinogen M has been
reported previously. Subsequently it has been found
that another individual property of human blood {(which
may be designated as Rh) can be detected by certain

of these sera."

The character thus made demonstrable in human cells
by the new agglutinin was called Rh since the rhesus monkey
had been involved in its production. Cells which contained
the Fh antigen and were agglutinated by the serum were de=-
signated Rh=positive; those which did not contain the antigen
and were not agglutinated by the serum were designated Rh-
negative.

This new knowledge was first applied clinically by
Wiener and Peters (72) in June 1940 in a study of blood trans=
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fusion reactions which were shown to be due to iso- kmmunization
to the Rh factor as a result of transfusing Rh-positive blood
into an Rh-negative patient.

Later in 1941 Levine, Katzin and Burnham (42) in
their studies of transfusion reactions in mothers with clin-
ically and pathologically proven erythroblastosis in their
infents found these "atypiocal agglutinins”™ that paralleled
those described as Rh factor by Landsteiner. He thus helped
to establish the olinical relationship of the Rh factor to
the disease of erythroblastosis fetalis. However, this con=
cept of an antigen~antibody reaction as a basis for the
etiology of erythroblastosis fetalls had been previously
mentioned as a possible theoretical cause by Yttenberg (50)
in 1923 and Darrow (12) in 1938,

Thus, at the end of 1941 the ¢liniocal importance
of the Rh factor had become well recognized. Through further
studies Wiener and his co-workers stimulated the production in
rabbits of antibodies which +they had named enti-Rh agglutinins.
They also had demonstrated that agglutinins of identical
specificity could be formed in human beings as a result of the
introduction of Rh-positive blood by transfusion. They had
solved the mystery of the cause of erythroblastosis and had
demonstrated that an Rh-negative woman might become immunized

by the Rh antigen contained in the blood cells of her off-



spring, and that maternal anti-bodies might pass through the
placenta to the fetus and cause erythroblastosis.

In 1932 a review of the literature by Diamond (15)
showed that Ballantyne in 1898'had collected 70 cases after
1614 of jaundice of the newborn but that all of these were
not erythroblastosis. Universal edema of the newborn with
abnormalities of the blood was reported as a fetal type of
leukemia by Jakesch and Klebs in 1878, Sanger in 1888, and
Pollmann in 1898. Swart in 1906 (69) reported an infant with
generalized edema with foeci of blood formation in the liver,
spleen, snd kidneys. After an article by Schriddle in 1310
(66) many othsr reports followed with like information, i.e.,
uni versal edema associated with hematopoitetic organs, en-
larged liver and spleen, evidences in tissues of anemia,
ioterus, and enlargement of the placenta. Many authors re-
ported on icterus gravis neonatorum in the period between
1301 to 1929 but they only mentioned the familial incidence
and no mention as to possible etiology. Diamond continued
the review stating that seventeen authors from 1912 to 1931
gave desariptions of familial icterus gravis neonatorum with
associated changes in the blood and extramedullary blood-
forming organs. Dark yellow-colored anmiotioc fluid and vernix
caseosa of saffron«yellow was noted by Lange and Arntzenius in

1929 (40). It was Rautmann (61) in 1912 that termed the under=



lying condition "erythroblastosis." Evidence by Oberndorfer
(49) showed that the incidence of the disease in only one of
twins and the other infant normal was against the previous
etiological ideas as maternal toxemia or metabolic dis-
turbance of pregnancy. Report of 24 cases of erythroblastosis
fetalis from 1922 to 1931 had in common the following signs:
extraordinary erythrocyte formation in the liver, spleen and
kidneys, enlarged liver snd spleen == usually with general
edema end occasionally with jaundice, pallor of body tissues,
increased nucleated red cells, enlargement and edema of the
placentas.

In their extensive article in 1932 Diamond, Blackfan
and Baty (15) organized all the previous information and made
sense out of the maze of confusion appearing in the literature.
They suggested that universal edema of the fetus, icterus
gravis neonatorum and anemia of the newborn were all mani-
festations of the seme disease and could conveniently be
grouped together and known as "erythroblasosis fetalis."

They did not at this time have any thoughts of a possible
serologic origin of the diseasee.

Since the year 1940 the literature on this subject
has been very extensive covering many phases. MNuch is known
now but further studies are necessary to explein the whole

complicated subjeot and how to specifically treat the condition.



THE CLINICAL ENTITY -~ ERYTHR®BLASTOSIS FETALIS.

Before attempting to differentiate between the con-
ditions that ean ocause hemolytic jaundice in the newborn it
would be well to establish the clinical entity of congenital
hemolytic anemia of the newborn. This should include not
only the olinical picturs of the three degrees of this dis=
ease, namely, fetal hydrops, ioterus gravis, and congenital
anemia of the newborn, but inolude & good definition, its
place in the anemias, inocidence and mortalitye.

Fetal erythroblastosis or congenital hemolytic
disease is a femilial disease manifesting itself in a trial
of cliniocal entities, namely: 1) ocongenital edema of the fetua
(fetal hydrops), which is the most severe form; 2) icterus
gravis; and 3) hemolytic anemia of the newborn. The last of
this group is the mildest manifestation.

It is a condition in which the blood of the fetus
exhibits immature cells of the erythroblastioc series which
are not normal as to the type or quantity for the developmental
stage of the fetus. This condition may be elicited by numer=-
ous factors end may or may not be accompanied by hemolysis and
extramedullary hematopoiesis. When +the disease is due to an
antigen-antibody reaction (the Rh antigen in +this case),
there will be hemolysis, accumulation of iron in the fetal

liver and usually persistent extramedullary hemopoiesis.



In addition, in these families a history is frequently given
of repeated misoarriages, intrauterine fetal deaths and pre-
mature still=births.

The classification of the anemias differs very much
with the various authors (15, 17, 37, 46, 51, 63). Parson's
and Hawksley's classification as reviewed by Fallon (17) is:

I. Anhematopoietic anemias -
(deficiency disesses of the erythron)

A. Mutritional anemia
Be Anemias of prematurity
C. Sourvy
D. Celiac disease
E. Hyperchromic megalocytic defieiency anemia
I1I. Hemolytic (erythronclastic) anemia of neonatal period
A. +temolytic anemia of the newborn’
l. With hydrops fetsalis
2. With icterus gravis
3+ Without edema or icterus gravis
. Hemolytic anemia in the late neonatal period

fiithout edema or icierus gravis.

I77. Hemolytic (ervthronclastic) anemia of later infancy
and childhood.

A. Acute hemolytic anemia (Lederer tyve)

B. Subacute hemcly%ic anemia

C. Von Jaksch's 3yndrome {subchronic hemolytic)

D. Acholuric jsundioce

The axact incidence of hemolytic disease is extremely
difficult to determine. Since 1941 the number of cases has in-

ocreased and the diagnosis has been made on many surviving ine

fants. The range of incidence is from one in twenty children



born of Rh~negative women to one in forty or fifty given in
more oonservative estimates (60, 36). Later figures by
Dismond (18) in 1945 reported an inoidence of one in a
hundred and fifty births. The mortality rate is about

seventy per cent for the whole group (35, 60).

HYDROPS FETALIS.

Fetal hydrcps is found in fetuses or in infants
living for not more than 36 hours. There is no change which
is constant. Consequently, the definition is based upon the
presence of some or all of certain clinical and pathological
features and the exclusion of other diseases whisch may also
produce them. This condition is the most severe manifestation
of erythroblastosis fetalis.

As already stated, erythroblastosis can be divided
into three groups, one more sever than the previous one.
Potter (60) and others divide these groups further. She
divides hydrops into 1) stillborn fetuses without generalized
edema, and 2) infants with generalized edema. The former is
the severest form and the same as the fourth type of the dis-
ease according to Henderson (31).

In this severest form or the fourth type, Henderson
states that hydramnios is ocommon, intrauterine death ooccurs
some time before delivery, there is no edema, a severely

macerated fetus is common, the liver shows diffuse hepatio
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oirrhosis, splenomegaly is found, and the placenta is greatly
enlarged and is pale pink in ocolor. Macklin (47), however,
did not find cirrhosis in any of the macerated fetuses ex=
amined nor in those where iron was demonstrated in the liver.
If these fetuses live long enough a characteristic pioture of
the hemolytic disease is seen. The face is usually somewhat
edematous, the tongue frequently protrudes. The fetus is
usually macerated.

In the infants with generalized edema (the other
subdivision of hydrops) the degree of edema is found to vary
greatly. There ocan be mild and easily overlooked edema or
very extreme edema with large smounts of fluid in the body
oavities. The skin is never jaundiced. If the baby is born
alive there is diffioulty with respirations. The blood shows
about one million red cells per ocu. mme with a high number of
nucleated red cells. All of these infents die during delivery
or very soon after. The post mortem shows marked splenomegaly
and extramedullary erythropoiesis. A more complete desoription
of erythroblastosis will be given under the discussion on
ioterus gravis.

ICTERUS GRAVIS.

Definition: Ioterus gravis is the commonest type
of erythroblastosis that is seen in infants at birth or in the
first weeks of life, with jaundice as the predominant feature
(30). The jaundice is associated with one or more other
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characteristics. Among these features is nuclear jaundice.
Along with the other signs and symptoms as enlargement of the
liver and spleen, abnormality of hemopoiesis, a familial in«
ocidence, a tendency to hemorrhage, one finds nerve involvement
as evident by convulsions (20).

Signs and Symptoms: The three principal symptoms of

-

which any one mey predominet~ rye: ? ' «iema, and
3) anemia (8, 12, 14, 16, 20, 28, 38, 67). Jsundice is the
mos t frequently seen clinical manifestation. It may ooocur
within two hours of birth in the severest ocases, but gen-
erally appears within 48 hours. Gilmour (20) in 1944 reports
54 cases of jaundice at birth and 97 cases within the first
three dayss Snelling (87) reports that out of 81 cases of
Jaundice 65 ooourred from birth and only 16 cases had their
onset later. <‘he degree of jaundice is variable as well as
the duration. Campbell (8) puts the duration in the mild
cases from one week to three weeks. The jaundice usually be=~
comes intense, the solor deepening often to a deep bronze.
kdema or hydrops may sometimes replace the jaundice
but it is of 1little importance clinically since it is in-
compatible with life (15, 29, 37). Snelling (67) reported six
cases of edema with jaundice in a total of 102 ocases and Javert
(35) reports three oases.
A profound anemia is oonstantly found. This usually
reaches a peak about the third week but this cen vary. The red
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red counts often are reduced below one million per cu. mm.
and may even go as low as 400,000 red cells per cu. mm. of
blood (15, 20, 30, 37). Further information ebout the blood
will be taken up later.

Other olinical findings include: 1) pallor, 2) hemor=
rhage, 3) convulsions, 4) purpuric spots with jaundice or
pallor, 5) drowsiness, 6) enlarged liver and spleen, 7) yellow
vernix, 8) respiratory embarrassment, end 9) tachycardia.

In the severest form the baby is desperately ill,
has an intense jaundice with yellow sclera and heavily bile=-
stained urine, fever, some degree of edema and ecohymosis,
head retraction frequently occurs with rigidity of limbs and
usually dies within the first two or three days. However, in
the milder case the baby may be only drowsy, have some pyrexia
and slight edema, appetite may be poor with vomiting and di=-
gestive difficulty, stools are ill digested, green snd curdy,
and the spleen and liver enlarged. Some cases may show strik=
ing pallor due to anemia without jaundice, because hemolysis
has occurred slowly liberating bilirubin in amounts which the
liver can excrete readily. Snelling (67) reports 16 cases
with pallor alone in a total of 102 cases and four presented
by Javert (35).

Convulsions, rigidity and opisthotonus is due to the
damage of the brain that seems to be a frequent occurrence in
this disease. This condition is called kernicterus or nuclear

12



icterus because the degenerated ™asal nuclei as well as other
parts of the brain are icteric ¢n gross examinatione. The
spleen is enlarged in eighty-four per cent of the cases and
the liver is enlarged in one hundred per cent of the cases
(67)». Blackfan and Diamond (4) say there is respiratory em=
barrassment end the tachycardia may dominate the clinical
picture and foous attention on the cardio=respiratory system.

Hematologic and Other Laboratory Date: The erythro=

cytes are macrocytic, well filled with hemoglobin, and the
color index is greater than one. Only in severe forms is
there more than a slight degree of anemia in the first twelve
hours of 1life. As the disesse progresses the erythrocytes
decrease very rapidly, sometimes by as much as a million cells
per cu. mm. per day, and a profound anemia may ensue by the
third or fourth day. Javert (36) states that the average red
count is 3,400,000 red blood cells per cu. mme and the lowest
is about one million per cu. mm.

In the early stages there is a great increase in the
number of immature and nucleated red cells in the peripheral
blood. As has been stated before over 5,000 nucleated red
cells per cu. mm. is considered abnormal (16, 43, 60, 640 68).,
The usual number found in this disease runs from 50,000 to
100,000 nucleated erythrooytes per cu. mme These red cells are

mainly of the early erythropoietic series that are normally not
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found in the peripheral blood, that is, except in small
numbers in premature bebies and in normal infants during the
first day or so of life. These immabture cells are usually
erythroblasts, proerythroblasts and normoblasts. The nucleat-
ed erythrocytes tend to diminish and may even disappear
entirely at the end of three or four days. Their absence
should not confuse the diegnosis. The meorocytosis persists
throughout the ective steges of the disease end 1is one of
the diagnostic criteria not to be overlooked sccording to
Blackfan and Dismond (4). Hawksley and Lightwood (27) re-
port that the enemie 1is always macrccytic and the aversge
cell diameter in the early stages is 9.5 mierons. Potter (60),
however, states that the most charscteristic change in the
non=-nucleated red cells is the excessive variation in the
size. lhese cells may vary from 5 to 10 microns in diemeter.
The reticulocytes are present in numbers above those usually
found at the seme age, but are not commonly increased abcve
10 or 15 per cent.

The average leukocyte count of a normal infant
within the first 24 hours ss already stated is about 10,000
cells per cu. mme In this disease ‘the number of leukocytes
is usually inorsased slightly and not %o ’infrequently above
50,000 per cu. mm. Leukopenias has rarely been reported.
4 few myelocytes and an occasional myeloblast are commonly

present (4, 27, 37, 60).
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In the severe forms the platelets are generally
greatly reduced in number in the first few days. The average
is about 80,000 per cu. mm. In the severest form the bleeding
time tends to be greatly prolc: =7 thvz there is a hemorrhsgio
tendency in this group. A prothrcebin deficiency may be present
to asugment this bleeding tendency. After the first week the
platelets return to normal levels end then the bleeding ten-
denoy subsides (1, 4, 37).

The lcterus index generelly is high immedistely
after birth and tends to increase to 10C or more within the
first week. The index may rize to a height of 200-300 units
by the third or fourth day (60). If the symptoms subside
promptly, the ictsrus index mey return to normal within a
couple of weeks. At times, however, Jjaundice mey persist for =
long period, and six weeks or more after birth the icterus'
index may still be in excess of 50 units. The ven den Bergh
is both direct as well as indirect (15, 47, 60).

Fragility of the erythrocyte in hypotonic sasline
solution shows & slight inorease in the concentretion at which
hemolysis begins and s decrease at its termination, e stage
usually described as an incressed resistance by Abt (1),
Blackfen and Diemond (4), Haymond end Giordano (28), end
Josephs (37).

It is not unususl for the feces to become clay
colored snd the urine bile tinged sbout the sixth end twelfth
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days. This acholic state lasts for a few days or weeks.
Blackfen and Diemond (4) further state that during the active
hemoclysis, both the urine and feces show an increese in the
asmount of urobilinogen ex:reted. Demashek, Greenwalt end
Tat (11) determined the feceal urobilinogen to be in a range
of 0.25 to 11 mg. per day with the normal found to be from a
trace to 07 mg. per day. These seme investigators found
that that the fecal bilirubin was greatly incressed in the
first two weeks of life. In the icterus gravis infant the
range was from 19.4 to 109 mg. per cent with 16 mg. per cent
in the normmel infent.

The serologic tests in this disesse ere of great
importance but at the present time some are somewhat confusing.
Of course, the tests for syphilis are all negetive (this is
important in the differential disgnosis). Since the discovery
of the Rh factor in 1940 many other bloed groups have been
added to this Rh series. This has added to the confusion of
the situation but has helped to clesr up meny unexpleined
cases. These finer serclogic agglutination determinations
are only QOne in a few speciel lsboratories in the country
so‘the ped;%rioian will ordinarily run the sere only to de-
termine whether the parents and the infant ere Rh=positive or
Rh~negative. The red cells of the infants with lcterus gravis
as well as the other two forms of the disease triad sre found

18




to be Rh-positive, @s asre the father's, whereas the mother's
are Rh-negative. As stated before, there are many subgroups
end thus meny reactions possible. These subgroups are used
to sxplein the disease syndrome in infants where the Rh setup
is epparently normal and compatable.

It might be interesting to inolude here a summary of
the laboratory data from the mothers of such erythroblastotic
infants as well as from the infants suffering from the disease.

This date is from Javert (36).
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Infants Hematologie Date

Hydreps
(5 ceses)

per cua.nme.

Ioterus gravis

Icterus gravis

(3 cases)
per cu.mnm.

Red cells 1.51 3.56
Hemoglobin 5.80 14,70
Cell volume 25.00 52.00
Luekocytes 54,300 21,200
Nueleated reds 37.60 21.20
Index~vol. 1.50 1.30
Index-gcolor 1.30 1.40

(9 cases) (6 cases)
Wormoblests 304. /ou.mm. 71. /Jou.rme.
brythroblests sg. " 14, " "
Eeticulocytes 7.1 % coe
Immature polys 34, /cu.mm. 10. " ¢
Immature lymphs 16, " " 0. " "
hed cell diameter 9.5 micra 8. micra
Infants Blood Chemistry Dats
NPY 41.7 mg. €0.0 mg.
Uric acid 7.8 " 3.8 "
Chlorides .~ 563.0 " 396.0 "
Serum protins 3.8 Grie 5.2 Gm.
Fibrinogen 0.056 " 0.1 "
Prothrobin 5. % 7. %
Ioterus index 91l units €. units
Meaternal Blood Chemistry Data

Mothers with
erythroblastosis

NPN

Ures nitrogen

Uric acid

Chlorides

Sugar

€O, combining power
Ic%erus index

18

mge
"

n
1"
"

Vol . 3{:
units

(11 cases)
rer Cu.itme

3.10
13.60
18,500
18.50
1.40
Control
500 mg e
3.1 "
500.0 "
8.9 Gme
"
23,0 %
18,0 units

Control at Term

(Stander)
28 -O mg.
12,56 "
3.0 "
494.0 "
8060 b
48.0 Vol. %
2«3 units




The CGross and Microscopical Findings: The fetus is likely to

be overweight for the stage of development. dJdavert (35)

found that in ten cases the average weight of the fetus was
3,457 gm., a weight which was excessive when the aversage durae
tion of the pregnancies in these cases is only 37 weeks. He
further stated that in 110 infants whose weight exceeded
1,500 gm., five per oent'had erythroblastosis.

Jaundice is seldom present at birth end yellow
vernix and smniotic fluid may be present or not (47). One
usually finds hydrops, petechise, possible msceration, and
many show no external change except extreme pallor (60).

As idacklin (47) points out that meny infents-fetuses
are not accompanied by placents at the autopsy exesmination a
valuable &id is lost. The pleaocental weight is grester then

rnormal and in a series of cases by Javert (35) ten ceses were

one-sixth heavier then nomel. The average weight was 7,756 Gm.

It is unusually thick, the cotyledons are prominent and the
color is light pink instead of the usual deep red. Histo=-
logical study shows the ceils covering the villi sare cften
more immature than the stage of gestetion warrants end both
Lenghans end syncytiel layers may be visible in some sarsas.
This persistence of the cellular layer of Langhans around the
chorionie villi is said to be & charscteristic of this con-

dition (29, 30, 60). The villi are edemetous and hyperplastic
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and the blood vessels are at the periphery of the villus.
Potter and Adair (56) state that a diagnosis oan be made
alone from the placenta by finding nucleated red blood cells

in the villur vessels.

The spleen is enlarged (10, 15, 35) but not more
than 25«35 gme. Extremes of from 15~50 Gm. have been encounter=-
ed (60)s On microscopic exemination the spleen shows exces=-
sive numbers of immature red cells in the pulp, reduced lymphe
oid tissue, malpighian corpuscles are very small or absent,
and the sinusoids are dilsted.

The liver is also enlarged but not increased pro=-
portionately as much as the spleen. They are increased two
or three times normal size (15), are firm, smooth, show many
hematopoietic foci and ecellular degeneration (10)s Iron or
hemosiderine was found in the liver in the Kupffer cells by
several authors (10, 15, 47). Macklin (47) puts much sis
on this particular finding. “

The pancreas, heart, adrenals, intestine, thyroid
gland and the sex glends rarely show specific changes as=-
sociated with hemolytic disease (35, 47, 60). Nacklin (47)
raised & question about hypertrophy of the islets of Langerhans
in this disease as differing from that found in diabetes.
The heart is usually slightly enlerged but there are no struc-
tural chenges. The kidneys show local formation of red cells

next in degree to that found in the liver and spleen.
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Cloudy swelling and some tubuler degeneration is found but

the glomeruli are usually normsl. The lungs are usually

normal in size, shape and color unle ss seccndery changes are
present., Potter (60) says that areas of local erythropoiesis
are rare but it is common to find immsture red cells in the
pulmonery ceapillaries when there is extensive extramedullary
ervthropoiesis in the body. She (69) puts stress on the find-
ing of these immature red hlood cells in the lung in a macerat=-
ed fetus. She seys this is often important in establishing = |
diagnosis in such casses. The brain is a common site of patho- ;
logic chenges especially in ieterus gravis. This change,
however, is found only in those infants that survive a few
days after birth. There is evidence of icterus in the basel
panglia as well as other aress of degeneration. Hyperplastio
bone marrow with meany immature red cells and normel epiphyseal
‘1line wes found by Clerk (10).

The Diagnosis of Icterus Gravis: The diagnosis of this disesse,

as made in meny other diseases, is made upon the summation of
many facts rather than just one or two facts. In some ocases
the diagnosis is mede with relstive esse esnd in others the

diagnosis is hard or meny not even be made (60)s As in every

field of endeavor there are many disputed points. Socme of
these disputed points as well as the generally accepted findings

will be summerized.
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The disease is a familial disease that occurs in
eight out of 1,000 deliveries (15) to one in 400 by present
day figures (60, 13, 36). If you oan show a familial in=
cidencg, the first step of the diagnosis is fulfilled.
Sometimes the diagnosis can be made in an uncertain case
if the mother later gives birth to a subseguent infeant
suffering from the disease. The disease is suggested when
the jaundice, typically "mahogany=-brown", s nresent at birth
or appears in 48 hours. Apparently the rsss hizs no influence
in this disease. The condition is further suggested when
one finds amber~cclored amniotic fluid or a golden~yellow
vernix.

Maoklin (47) stated that in the diagnostic criteria
of this disezse you must show either that the fetus possessed
anti=bodies in its circulstion ageinst its own Rh-positive
cells or that the blood of the fetus end mother were of dif=-
ferent Rh groups and that the fetal tissues showed changes
from the normal which were characteristio of the Rh antigen=
entibody resction. You must also show that there was oppor=
tunity for an antigen-antibody reasction to ocour, hecause of
the difference in the Rh blood groups of the mother and child,
and that it is possible that the reaction took place by the
evidence of the alterations in the tissues of the fetus or
- child.
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The serologic agglutination  tests are usually
characteristic. That is, the infaent and father are Rh-
positive and the mother is Rh-negative (4, 13, 28, 47).

This may, on the other hand, be difficult to demonstate in a
few cases because of the different and many new subgrours «of
the antigen-antibody reaction. Many other groups ewe:% olis-
covery and others a further explenation. These conditions
are so rare that, for general purposes, can be ruled oute.

To prove that anti-bodies are present in the fetal
blood that is positive, is dependent upon several factorse.

The mere presence of Rh=positive blood in the fetus and Rh-
negative in the mother is not sufficient for a diagnosis,
because in ten percent of the cases diagnosed as this disease,
the mother is Rh-positive (47). Also meny Rh-negative mothers
have Rh-positive children who are normal.

After it has been proved that the fetus possesses
an antigen that the mothers blood lacks one must show that
the reaction took place by the destruction of blood and other
tissue reactions. These tissue reactions and blood changes
have been discussed to some extent previously. Some of the
differences in opinions will be given regarding these changes
and some of the points in a diegnosis given by other obsersers.,

45 has been stated before, the weight of the infent
at birth is about 3,457 Gm. Javert (35) stated that, although

the incidernce of this condition was one in 400 deliveries in
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his clinic, of 110 infants whose weight exceeded 1,500 gn.,
five, or four and one-half per cent, had erythroblestosise.
This is an incidence eighteen times nomal. This led Javert
to suspect Rh incompatibility in overweight fetuses. Over-
weight in the fetus may be found in other conditions. It
may exist when a diabetic or when a prediabetic state exists
in the mother (48), or when either one or both of the parents
is very large, or when fluid exists in the tissues or body
cavities of the infent. Potter alsoc showed that hydrops
could occur in other conditions thar in erythroblastosis (57).
In early history many other authors along with Ballentyne

(as cited by Diamond 15) in 1892 found that hydrops was not a
specific disease, but only a symptom common to several dif-
ferent morbid conditions.

Prior to 1541 most pathologists were unwilling to
make a post-mortem diagnosis of erythroblastosis unless there
was evidence that red blood cells were being formed in abe
normal locations within the body. This finding coupled with
clinical evidence of anemia was the most common basis on which
a disgnosis was made. It is now evident that in infants with
the milder forms of the disesse, as well as in some infants
who dle, abnormal foci of erythrcpoiesis may be rare and, few
if any, immature red cells may be present in the circulating
blood (60). This does not include those infents that live a
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few dasys thus giving a chance for the extramedullary erythro-
poiesis to disappear. Macklin (47) says that this persistence
of extensive hemopoiesis in the liver and spleen past the time
such hemopoiesis is normally found in these %tissues is wrong.
The disgnosis, based upon such e ceriterion, would cause meny
cases not due to Rh incompatibility to be included in the
category of erythroblastosis according to him. He further
states that even when the mother is Kh-negative and the fetus
Rh~positive, and when the fetus had excess hemopoiesis in the
liver it might be suffering from cne of %he numerous causes
indicative of extramedullery hemopoiesis other than kh in=-
compatibility. |

Macklin (47) places great weight on the presence of
iron in the liver of these infants as evidence of hemolysis
of the red cells which in turm is indicative of Rh incompat-
ibility. He divides the cases of erythroblastosis into two
groups;-

1. Those which at autopsy show the evidence of hemolysis,

nemely, the presence of iron in the liver. This cor-

responds to hemolytic disease of the newborn due %o

Rh incompatibilitys.

2. Thoswithout hemolysis, and hence without iron in
the liver.

He summerizes this, thus:
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Erythroblastosis = =

With Iron in Fetal Lissuese.

Due to hemolysis
of megaloblasts
of normoblasts
of mature red cells

by

Fh factor

other factors
aplactic phase

liemolysis, excessive, causes death of the fetus before blood
can regenerate; iron present, indiceting destruction of

blood, but no increase in hemopoiesis.

¥Without Iren in Fetal Tissues.

lue to factors other than hemolysis.
operating early - -~ with the site of hemopoiesis extra~-
medullary and in bone marrow.

operating late - « with the site of hemopoiesis in
bone msrrowe.

Idiopathic erythroblastosis due to developmental arrest
in hemopiesis, permitting early embyonic type of formation
of biecod to persist; no destruction, hence no iron.

Potter sgrees that iron is found in fetal livers (60).
She says that the iron present parallels the pigment visible
in the skine. ¥hen the skin is intensely ioferic large amounts
of hemosiderin can be demonstrated in the hepatic parenchyma.
This iron is greatly concentrated in and about the portal areas
and at the perinhery of the lobules. Macklin {(47) finds that,
for the most part, that the iron is in the Kupffer cells, butis

sometimes present even in the liver cells and in the peri-portel

sonnective tissues. He uses the Prussian Blue technique
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on these tissues to detect the iron and indicabes that this
technique has great value in the diagnosis. <+his sawe author
disagrees with others in their statement thet iron 1s normally
storsd in the fetsl livers. Chemiocsl examinstions of iron in
two fotal livers indicated that there was a lerge amount of
iron stored in the liver before birth, which rapidly decrsased
after birth (7). This finding according to Macklin may have
been caused by examinetion of livers of fetuses dying of
hemolytic dissase. The aubthor (47) examined 1239 fetal livers
and found 60 perkcent without iron, 33 per cent showed presence
of appreciable quantities of iron and seven per cent showed
extremely small traces of irons. This indicatss that the fetal
liver does not store iron. Thus, when iron is found in livers
of jsundiced infants %he author oconoluded that excessive blood
destruction has taken plece and that the most frequent cause
excessive blood destruction is probably the Rh incompatibility
between mother and fetus.

The enlargement of tne svleen is one of the most
significant diagnostic criteria according to Fotter (58,60),
She makes a stateient that if the spleen extends two cm. or
more below the cocstal margin or weighs 25 gm. or more, eithsr
erythroblastosis or syphilis is almost certain to be the caus=-
ative factor., Syphilis gives large spleens and, therefore,
must rule out syphilis on all cases of enlarged spleens.

She further states that in several thousand autopsies on
fetuses and newborn infants she has never seen this degres
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of enlargement of the spleen other than in the two causes given.
She zogs on to make the statement that if it were necessary to
make a diagnosis of erythroblastosis on observation of a
single orgen or on a single laboratory finding, a study of

the spleen would yield the highest percentage of correct
results. ©She adds that this criterion can be applied only

to fetuses at term or to the newborn. Potter goes on to say
that before a definite diagnesis is made, however, the general
symptom complex, enemia, immeture red cells, extramedullary
erythropoisasis and the characteristic agglutinins wmast be
present.

Anemia is more constantly present than any other
symptom. This is generally agreed by most observers (8, 15,
41, 47, 58). Macklin (47) points out that anemia will be
found in fetuses and children with R’h incompatibility, as
well as in children suffering from hemorrhage, from increased
fragility of the red cells and many other causess The other
causes will be taken up under the discussion on the dif=-
ferential diagnosis.

Pother (60) goes on to say that it is almost im=
possible to make a diagnosis of anemia from histologic ex=
amination of the tissues, but that anemia is the oné character=-
istic abnormality that is found in practically =2ll of infants

with this disease. Therefore, she concludes, that if anemia
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exists in an infant whose mother is immunized to an Rh or Rh
entigen present in its red blood cells, a diagnosis of hemolytic
disease seems warranbed even though specific pathologic changes
are absent.

The study of the gross and mieroscopical appsarance
of the placenta is another valuable aid in the diagnosis of
icterus gravis. Yotter and Adair (56) stated that a diagnosis
of erythroblastosis can bhe made from the placenta alons.

They say that the presence of nucleated red blood cells in
the villus vessels is found in no tther condition.

In the diagnosis of late premature or term fétuses
with marked maceration, Potter (69) places the diagrosis on
the patholozy in the lungs. Here she states that the tissues
are better preserved than the rest of the tissues and that
finding immature erythrocytes (basophilic erythroblastos -
megaloblasts and hemocytoblastos) in the pulmonary capil=-
laries mekes the diagnosis more certain. The other findings
with such a macerated fetus ars: edems, especially of the face;
mild mecroglossia; hypertrophy of the spleen sand lifer;normal
zone of growth at the ends of long bonss; enlargement of the
placente and erythroblastemia in the placental vesssls and
the ebsence of Rh in the mother's erythrocytes and the
presence of Rh in the father's erythrocytes. In such a
macerated fetus syphilis must be ruled out because this
disease is one of the most common causes.
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CONGENITAL ANEMIA OF THE NEWBORN.

Congenital snemia of the newborn is the third and
least severe of the three groups in erythroblastosis fetalis.
The diagnosis is harder to make in this phase of the disease
because the dividing line between the milder cases and phrysio=
logic anemia on the one hand, and the severer forms with icterus
gravis on the other, is not clear-cut in many ocases. The
milder cases according to Potter {60) probably occur with
greater frequency but they are not rscognized because the
infants recover before the cell destruction has progressed
very far and because of the absence of the usual easily
detectable characteristic symptoms. She says that these
cases will only be recognized if Rh studies are done in
all pregnancies and on the infants after birth.

This disease is found in infants that survive the
first three days of life. It is charscterized by extreme
pallor, anemia, slight jaundice, listlessness, weakness, no
edema, slight enlargement of the liver and spleen, and a
generally good prognosis. These findings are only the general
findings and many are not agreed upon by seve:al authors.

Pallor is accepted by most writers and Gilmour (20)
reports pallor in eleven cases at birth with 28 ocases within
the first 17 days in a total of 39 cases. Pallor of the skin
and mucous membrenes is one of the ohief characteristics ac=-

cording to Litchfield (44) but that this is usually obscured

30



by the icterus that is present. When the icterus leaves, the

pallér becomes more pronounced. Some times the diagnosis is

not made until the second or third week and then is only made
on the presence of extreme pallor (€0).

The anemia present is another prominant feature but
this may be varied in its presence. The number of red cells
may drop to two million and %the hemoglobin to ten grams by the
time the diagnosis is made according to Potter(60), and the
infent may die of the anemia unless treated. Diamond, Black-
fan and Baty (15) have siated that the anemia may remain station-
ary or may even become aggravated until the sixth week of 1life
and then return to normal. Potter (60) states that the anenmia
is present with jaundice because she found only one case of
anemia without jaundice in 206 infants with hemolytic disease
delivered by 122 Rh-negative mothers.

Immature erythrocytes may be absent from the cir=-
culation or may be present in very small numbers. ‘he hemolytiec
anemia is characterized by a hyperchromia, erythroblastemia and
a variable degree of reticulotytosis (30). Sarford (65) ststes
that not over eight per cent nucleated red blosd cells are
present with only an occasional erythroblast.

& diagnosis should no% be made unless one or more of
the following is present, namely: a family history, excessive

hemopoiasis, srythroblastemia and leukoocytosis, the death of
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infant from three to fourteen days, a defective development
of the latter stages of the erythron and the absence of
srythroblestemia, splenomegaly end hemosiderosis in %the
liver (20).

Halbrecht (26) and Sanford (65) have a different
terminology for the condition because they say that it is
characteristic of both ervthroblastosis fetalis and physiologiec
ioterus of the newborn. They call it icterus neonatorum
precox. The typiocsl signs snd symptoms are like those found
in erythroblastosis but there is no weight loss, the blood
is normel and the child nurses well. In this group 95 per
cent were found to have incompatibility of blood groups of
the mother and ohild. lhis is three times as often as with
physiologie icterus snd four times as often as in newborns
without interus. The mortality is reported as 60 per cent.
uitohfield (44) says that the prognosis is good while
Henderson (30) says thet there usually is a spontansous re-
covery and Diamond, Blackfan, and Baty (15) say that there

is 10D per cent recovery.
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THE NORMAL BLOOD PICTURE IN THE NEWBORN.

THE RED CELL

The Number of Red Cells At Birth: The infant at birth may

heve from four to nine million cells per cu. mm. of blood with
an average between four and one-half to five million pser cu.
mm. (19, 34, 37, 51, 68, 75). Isaacs (34) in his paper re-
viewed soms elefén authors and their averages for the number

of red cells was from 4.51 to 7.63 cells in millions per cu.

mme
Chserver No. cases “verage

Hayers 41 7.63 (5.06=9.61)
fdeath 13 5.77 (4458=7,17)
Linpman 71 5.20

Fehrsen 40 5.89

Lilvette 30 4,51

Engelsen 40 6.24

Light 5.74

Lucas, et all. 5.50

Senford 5.80

4itchell 5.70

Rosenbloom €.48

Iseacs (34)
Also, the blood findings varied with the age in
days and from the sourse as shows in another table by ‘aden

and Neff (25).

Age in days Sinus blood Blood from heel
5 3452 = 3,86 5.94 - 6,23
9 3.81 - 5087 4954 bad 5909
13 3.68 3468
24 3.40 4.08




Thus it will be seen that the red blood cells de=-
crease in total number until about the fourth day with a
slight rise at the end of the first week, and then another
decrease again on the tenth day.

The Size of the Erythrocyte: The meean diameter of the erythro-

cyte according to Holt (33) and others (68) is eight microns
on the first day of life. Griffith and ilitchell (22) state
that the erythrocyte 1is large at birth, having a size of
110 cu. microns by six months the average size is 88 ou.
microns. The adult normal is 32 cu. microns.

The Nucleated EBrythrocytes In reviewing the literature on

this subject one finds a wide variation in the numbers normal-
ly found in the normal infant. <he literature is slso confus~-
ing in that many of the suthors have reported their findings
according %o the number of nucleated red cells per 100 white
cells without stating the number of leukocytes found for that
same count. In this way the total number of the rucleated red
oells ocannot be determined.

It is generally conceded today tha%t the physiological
meaximum is 5,000 immature red cells per cu. mm. of blood or
estimated from a slide is from five to ten immature red cells
per 100 leukocytes (60). Strong and Marks (68), Hawksley and
Lightwood (27), Sanford (64), Lippman (43) all agree that the
upper limit is 5,000 immature red cells. Diamond, et al
(15, 16) state that normally 200 to 2,000 nucleated red cells
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per cu. rm. or 5 to 10 per 1000 leukocytes are found at bhirth.
Other authors report the nucleated reds number 54 to 1,686

per 100 white cells (62), 500 cells is upper limit (37), up

to 2,500 is normal and 1,000 to 3,750 per cu. mm. {74).

Casey in 1943 (9) defines another method of counting these
cells so that he considers more than two immature red cells
per 10,000 erythrocytes counted is abnormal. The older authors
reported their findings per 100 leukocytes counted. Lucas,
Dearing and Hooble (45) in 1921 found that one immature red
oell per 100 white cells ocecurred on the first day in 52 per
cent of all their cases and one~half immature red cells per
100 leukocoytes on the second day in five per cent of the cases.
Lippman's normal was four per 100 white cells or 37 per cent
of the leukooytes (43). Aitken (2) back in 1902 found the
lowest count to be one immature red cell in two cover glasses
observed and the highest was 116 immature reds to 500 leuko=
oytes. Bungler and Schwartz said the average was from one

to one and one-half per 100 leukocytes and the highest being
24 per 100 white cells. The erythroblasts usually disappear
by the second day and are rarely present at the end of the
first week. (6).

The Estioculooytes The reticulated erythrocytes are present

in the blood in the proportion frogm four to ten per cent of

the total number of er:throcytss. By the second week they
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are about 0.2 %o 1 per cent and sy two months they are between
1.5 and 5 per cent (22, 37). Strong (68) and Ferkner (15)
state at birth the aversge count is from 1.4 to 1.9 per cente.
Hemoglobing The hamoglobin in the infant again is high as is
the number of erythrocytes. Dehydration is said to account
for both these oconditions in the newborn. The values given
for the hemoglobin range from 18 to 25 Gm. hemoglobin per 100
cce. of blood, or sbove 120 per cent. Yollstairn {75) reports
values from 22.4 - 23.9 Gm. or 130 %o 142 per cent with the
Sahlie 17 Gm. as standard. Holt (23) and Griffith and ilitchell
(22) state that the hemoglobin initially is arcund 18 Gm. per
100 cc but Strong end iarks (68) say that the value is 143

ver ocent or about 24 Gm. at birth.

Forkner (19) showed thet the hemoglobin values in=
arease abcut the fcurth day from 148 per cent to 152 per cent,
drop rather rapidly to the seventh day value of 141 per oent,
and then subside more graduslly to the eleventh day to 138
per cents. This drop in hemoglohin is in contrest to the drop
in the numher of erythrocytes which decrssse until the fourth
day, then with a slight rise at the end of a week to drop
again on the tenth day.

Color Index: The color index is generslly over ore at birth.
This is sasily accounted for by the grythrocyte counts and

the high hemoglobin.
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The Leukocyte: The leukocyte count in the first few days of

life vary from 15,000 to 25,000 per ocu. mn. (2, 19, 22, 33,
68, 75).

The proportions of the different forms of leukocytes
#s also variable and fluctuate in the same child throughout the
daye At ti -th the polymorphonuclear granulocytes constituvte
nearly 75 per cent, with a predominance of the younger forms.
Within the first 48 hours the lymphoytes begin to increase
in number.

SUMMARY .

The folilowing chart will help to summarize the
normal blood findings in the newborn infent. The chart is
made from all the observers reviewed. The average number of
erythrocytes at birth is 5.5 million per cu. mm. of blood.

The hemoglobin value is around 21 Gm. per 100 cc of blood.
The number of immature red cells is 5,000 cells per cu. mm.
The average reticulooyte count is 3.0 per ocent of the red
cells. The mean diemeter of the cell is 8.0 microns. The
leukocytes are mainly pol:morphonuclear, later with & rise

in the lymphocytes. The total count at birth averages around
20,000 per ocu. mme. The platelets are about 350,000 per cu.

mme and the color index is above onee.
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NORMAL BLOOD FINDINGS IN THE NEWBORN.

EBC million
per CUlelllle

jb L]

Gine per
CUelllle

Nucleated
reds/bu.mm.

in

Retics.
% of RBC.

dean ciemetor
of rads

Leukocytes
per cu.olie

Polymorphs.
DETs CUeINe

Lymphocytes
Der cu.mne.

Lionocytes
per cue.mn.

Platelets
per ClUemme

Celor index

lst 4th
5.5 5.49
2]
5,000 o
3.0 1.2
8.0 microns
20,000 10,636
70
20
10
350,000
Abcve one
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Deys.. Weeks.
6th llth 2nd 4th
5458 5.25 5.0 4.7
21 18 16
0
0.7 0.53 0.2 0.2
Te7
156,000 12,000 12,000 essee
62 31
31 63
7 6
325,000 300,000



DIFFERENTIAL DIAGN(OSIS OF HENMOLYTIC DISEASE.

In an infant that shows early appearanse of iecterus,
possisle edems, numerous erythroblastos end normoblasts in the
perirheral blood, as well as & general macrocytosis and anemia,
occasionally a bleeding vhenomena, enlargement of the liwvsr
and spleen, a familial incidence, and an enlarged placenta and
yellow vernix, the disgnosis of erythroblastosis fetalis is
suggested. licwever, there are many othsr conditions in the
newborn that san have this similar picture and must he ruled
out. Conditions to be ruled out are; 1) physiologiocsl
jaundice, 2) spesis, 3) congenital syphilis, 4) stresia of
the bile duets, 5) nuclear icterus, 6) intracranial hemorrhage,
7} Winckel's disease, §) eongenital heart disease, and 9)
other primary blood diseases,

T:E HEMOLYTIC GROUFP.

Physiologic Jaundice (Simple Icterus lecnaterum): Before

no out the differences between this condition end hemo=-
lytic diceass 1t might be well to summarize briefly what normal-
ly tekes place at birth as far as the erythroecyte is concerned.
In a recent paper on the genesis of physiologic¢ hyper-
bilirubinemia Weech (71) points out that shysiologic hyper-
biliruwinemia {an incresse in the bilirubin in the blood short=
ly after birth) msy be viewed as an explosion which marks the
infent's entry into the world. The sudden change from life
in the amniotis fluid to life in an atmosphsre of air con=
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stitutes the trigger which fires the charge in all infants.
Jaundice, the external menifestation of h:perbilirubinemise,
may be lacking entirely and, when present, it rarely persists
through more then one~tenth of one per cent of the expected
span of life.
He oontinues to say that an accelerated destruction
of hemoglobin begins wikthin & fev kcurs after birth, the des=-
truction anparertly being initisted by the onset of pulmonary
respirsticn. There is more destruction during the first twe
or three days of life than after the infant is clder. This
incressed destruction of hemoglobin gives rise in bhiliruhin
concentretior in the serums W¥hen the hepatiec funstion is re=-
latively mature most of  the bilirubin will be excreted repid-
ly into the bile and¢ the post-natal incresse in bilirubinemis
will be slight, When the hepatie function is rslatively im-
mature the excretion will he deleyed and the serum concentra-
tion will thus rise to high levels and will show up as jaundice.
This cendition, however, subsides rapidly in  the normal infent.
Physiologic jeundice differs from the jaundice of
hemolytic disease in the time ¢f its asppearance, in its severity
and in the lack of asscoiated symptoms. The age of onset is
not at birth but is some place between the second and tenth
day of life. There are none of the characteristic symptoms

of hemolytic ‘disease. The icterus index is incressed with

40



sixteen units as an average. The skin does not become dis=
oclored but may have a golden=-yellow tint. All the infants
show these signs of blood destruction but anemis is not
present. The hemoglobin rarely drops below 1& Gm. end the
immature red blood cells are rarely present during the period
of jeundice (&, 13, 27, 60, 65, 68).

THE NCON-IFLCLYTIC GRCOUP.

irtenetal and Prenatel Infecticn: Antenstsl infection is rare

and usually comes from the mother. Josephs (37) presents cne
instence of &n erythroblestotic~like disease which occurred
as a resi:lt of intrauterine infection with the spirillae of
recurrent fever. ilonspecific infections in the prenatal 1life
may cause & jaundice, mild anemie and an 1increese in the
nunber of immature red blood cells. Usually such infections
sre located in the umbilical stumpe. These symptoms and find=
ings differ from those in hemolytic disease in their late
appearance. The spleer does not enlarge unless systemic in-~
fection ocecurs, and then a rise in temperature may be accompani=-
ed by a positive blocd culture. Infection was given as the
cause of icterus gravis by meny early investigators (18).
Diemond presents a more drastic picture in infection acquired
at birth than do other writers (&, 14, 27, 27, 64, €g).
Severe anemia, intense hematolytic icterus, immature cells in
the blood, faver, diarrhea, vomiting, localizaticn of the

process in the body structure, positive blood cultures are
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the findings presented. Hendersor (32} summarizes the problem
of infections to say that they usually occur in the first
month of 1life. They rarely bring on death in the first three
days or in the latter psrt of the first week. It is after

the first wesek of 1ife that most deaths are csused by in-
fections. He reports 71 .datalities from infections that
occurred from the second to the wourth weeke.

Congenital “yphilis; This disease at times may beer close

resemblance to icterus gravis mcre thean does any other patho-
logic condition. These two conditions are usually easilly
distinguished. ZIyphilis tends %o descresse in each infant with
each pregnancy while erythroblastosis tends to¢ increese in
severity with each pregnancy. There also is more of a tendency
toward prematurity thean those affected with the hydropic and
macerated types of erythroblastosis. The disease usually
occurs after the third day of life but may occur at any time.
Both syrhilis and erythroblastosis may cause edema of the
fetus, enlargement of the placenta, hypertrophy of the swleen
and liver, imma%ure red cells in the circulation and extra-
medullary ervthropoiesis (8, 15, 27, 37, 65, 69).

Osteochondritis involving the ends of long bones has
been generally accepted as a speecific indication of syphilis
(60). Henderson (30) says osteochondritis is a common finding
in 50 per cent of syphiliti¢ cases at birthe At autopsy a

thick irregular yellowish epiphyseal line in the long bone is
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usually found while in erythrohlestosis osseous manifestetions
are absent.

Placental findings are of importence in both these
conditions. Both may show grossly a pale pink color, increased
weight and greatly increased thickness. The syphilitic
placenta in addition has infarction. Multiple small infarcts
are more commcn then lerge ones (20, 30, 61). &Histologic
study of the placenta shcws an incressed amount of connective
tissue within the ¥illi. The blood vessels rarely contain
an increased number of nuclissted red blood cells as is found
in er:throblestosis. Yther findings ir the syphilitiec
placenta include varring degrees of endarteritis up to complete
occlusion, sbnormal epithelium, and more conspicuous villus
capillaries than in erythroblastosise. &nlargement and pallor
of the placenta, persistence of the Langhans' layer of cells
is the most characteristic feature in erythroblastosis.

Both of the conditions have extramedullary erythro-
peiesis with heptosplenomegaly. The liver is heavily in-
filtreated with erythropoietic cells but the distribution is
usually focal in hemolytic disease and more diffuse in syphilise
Fibrosis of the liver, pancreas, lungs, thymus or kicdneys can
almost always be found in syphilis, snd is rare in hemclytic
disease (20, 30).

The identification of the spirochaete pallida in

the fetal tissues as well as finding a positive serological
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reaction in the mothers blood will make the diasgnosis of

congenital syphilis. The serelogic test is unreliable in
the infants until after ten days but after this time the

diagnosis could be made in the living infant (31, 60).

Congenital Atresia of the EBile Ducts: This disease, accord-

ing to Potter (60) is rarely diagnosed as hemolytic disease,
although hemolytic disease may ocecasionally be erroneously’
mistaken for bile duct atresia. The jaundice appears in the
second or third week of life and steadily increases. This
differs from hemolytic diseases in which the jsundice is seen
from birth on, and it may remasin the same or incresse later.
The stools are pale frcm birth or turn pale later, but once
pale they remain so. These stool changes are not seen in
erythroblestosis. There is usually no change in the blood
and the spleen is only slightly enlarged while the liver may
be greatly enlarged (65). The van den Bergh, however, is
direct and the icterus index is high with an average of
about 100 plus units (65). Other sygptoms and signs are:
malnutrition, no fever, poor eppetite, vomiting, and hemor-
rhages from the mucous membranes (8, 14, 15, 27, 65, 6&).

Nuclear Icterus: Nuclear icterus or Rernicterus ( & term

used by pathologists to describe nuclear jaundice) is a
disease of the newborn period that develops early giving

signs and symptoms of brain demage. The condition is observe
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ed particularly in icterus ;ravis. The clinical signs are
dyspnea, difficult swallowing, lack of appetite, general
apathy, somnolence and coma (52, 70). There are also signs
of brain demsge, especially of the basal gangliia. Lxtra-
pyramnidel spastioity, athetoid and ochoreiform movements,
end emotional instability plus more or less marked mental
retardation ere the neurological findings (63). The rumber
of red cells is ususally low but it may be above three
million (70). The spleen weight is from six to 47 gm.
varying from one to three fingerbreadths helow the costal
margine. Ixtramedullary erythropoiesis is minimal and the
onset of the jaundice seems to no significance as to the
prognosis.

Anatomically, nuclear icterus is characterized by
intense yellow coloration of the basal ganglia and by cellular
lesions destructive in type scattered emont the nuclear greups
(52). The icterus index is stated by Sanford (65) as being
75 units. Vaughan (70) concludes from the fact that kernicterus
is very common in infants who develop ioterus only sfter birth
and the fact that certain of the infants dying with kerniocterus
have 1ittle or no sign of longstanding injury due to maternal
anti=body suggest further that these factors asscciated with

delivery may be of such significance as to account for kernicterus
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in some babies.

Intracranial Hemorrhage: Birth trauma may be asscciated with

early jaundice, and at times with a marked increase in im-

mature cells in the circuleting blcode These infants, however,
rarely are enemic and the spleen and liver are not enlerged (60).
This diseese manifests itself during the period of the greatest
intensity of simple icterus. Grulee and Sanford (23) list the
symptoms as somnolence, cephalic cry, convulsions, rise in
temperature, an early rise in the pulse rate that later drops,
rigidity, bulging fontanel and a change in the doro reflex.

They say that the somnolence, cephalic c¢ry and the rise in
temperature are suggestive only and are not reliable. The
convulsions may be general or local there being no spesial
pattern resction. They may be clonic, tonic or both over a
varied period of time. The bulging fontanel is not seen in

meny ceses with marked hemorrhage but that a tense and bulg-

ing fontenel is diagnostic. Then to, the spinal puncbure

may show blood, increase in the cells and yellow fluid aiding
the diagnosis (23, 60, 68).

Winckel's Disesses This disease was given the name of ¥Winckel's

disease after the man who in 1&79 described 23 fases and gave
the name of "Cyasnosis afebrilis iocterica perniciosa cum hemo=
globinuris" to this condition (73)}. This disease was first re-

ported not by Winekel but by Pollack in 1871 and described
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later by many other authors as Laroyenne in 1874, Charren in
1873, and Bigelow in 1875. This fect was cited by Foleyse
and Eramer (54) in their article on this subject. Since then
meny other names have been given on this condition including
hemoglobinuria neonatorum, acute epidemic hemoglobinuria, and
acute infectious hemoglobinemia of the newborn.

The disesse is & symptom complex of the newborn
with cysncsis, Jeaundice, and hemoglobinurie the prominent
findings (22).

The icterus usuelly develops suddenly on the fourth
day to the twelfth day then ‘eepens and becomes bronze color
(25). Polyuries develops and the urine is dark brown, contain-
ing numerous erythrocytes, and an incressed smount of hemc-
globin but bile pigment is usually absent. The constitutional
symptoms are suggestive of a septic condition. These include
marked restlessness, oyanosis, rapid pulse and a rapid ree
spiration (21, 54). The temperature is, however, normal.

In the pathological study one finds icterus and
multiple punctate hemorrhages in all orgens. The kidneys show
swelling, punotate hemorrhages in the cortex and the renal
tubules contain hemoglotin crystals. The heart and liver show
fat replacement (54). The blood changes to a syrupy character
that is chocolate brown in color (21). The hemoglobin is mark=-

edly reduced as well as the number of erythrocytes. The urine
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showis the charsacteristis finding of an increased amount of
hemoglobin (24, 54).
Thus Winckel's disease differs from hemolytie

disease in that it begins some days after birth and not from

b

e

rth on, cyanosis is prominent, as well as the presence of
large amounts of hemoglobin in the urine {21, 24, 37, 54, 65,
73).

Other Conditions: Sevsral other conditions have heen mentioned

in the literature that zive similer findings as those found in
erythroblastosis but thess offer l1ittle diffieculty in disesgnosise.
congenital heart disease msy ocour frem birth %o ths fourtsenth
day with some Jjaundice but more syanosis. The spleen may be
slightly enlarged and there may be a slight rise in the icterus
index. The conditicn is usually associated with convulsive
slezures. These symptoms are due to cersbral anoxia. There
is not a family history or evidences of hemolysis with anemia.
This helps to distinguish it from hemolytic disease (23, 65).
Familial acholuric jeundice rarsly causes symptoms
in the newborn period since tne disease usually starts after
five years cof age. It can be distinguished by the prasence of
a femily history and the presence of misrospheroccytosis. Also,
it can be excluded on the basis of the fragility test. This
test reveals decreased resistance %o hynobtonic = aline sclutions
(8, 27, €60, B8},
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Hemorrhagic disease is not often confused with
heriolytic disease. <t usually occurs on the third to sixth
day of 1ife, the Jjaundice is mild and fleeting, splenomegaly
and hepatomegaly are not present, the anemias is proportional
to the blood loss and there is no positive family history to
support erythroblestesis (15, 60).

Hemorrhage from the umbilical cord or placen®a dur-
ing the delivery, a severe anemia of unknown origin, leukemia,
severe asphyxia, premesturity are ziven as further conditions
for differential diaghosis by many observers but these again

offer little difficulty in diagrosis (1§, 27, 60).
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SUMMARY .

A brief olinical and pathological picture of erythro=
blastosis fetalis has been presented as well as the normal
blood picture in the newborn and a differential diegnosis of
hemolytiec disease.

If any expectant mother reveals in his history of a
former resction to a transfusion or has an unexplained
abortion, miscarriege, or & stillborn infant the factcrs of
isoimmunization should be suspected.

If an infent presents the symptoms and signs of
anemia, inoreasing early jaundice, edema, enlarged liver and
spleen, with a blood smear showing evidence of erythroblastemia,
lethargy, dark amber urine, diffuse or localized petechiae and
a8 Rh-positive blood in the father an? the infent and Rhe
nagative maternal blood, the possibility of isoimmunization is
highly suggested until other conditions are ruled out. Such
conditions as syphilis, physiological jaundice, infection,
atresia of the bile dusts, various hemorrhagic diseases, birth

s . : o2 ! .
injuries and ¥inckel s disease must be ruled out.
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