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Transient Familial Neonatal Hyperbilirubinemia *

IRWIN M. ARIAS,t SONIA WOLFSON,JEROLDF. LUCEY, ANDR. JAMESMCKAY,JR.
(From the Department of Medicine, Albert Einstein College of Medicine and Bronx Municipal

Hospital Center, New York, N. Y., and the Department of Pediatrics, University
of Vermont College of Medicine, Burlington, Vt.)

Normal full-term infants may have transient un-
conjugated hyperbilirubinemia that rarely exceeds
5 mgper 100 ml during the first 3 to 5 days of life
(1, 2). This so-called physiologic hyperbilirubi-
nemia is believed to result from delayed develop-
ment of the hepatic glucuronide conjugating sys-
tem (3-5), particularly glucuronyl transferase
(6). Numerous factors, such as hemolysis, infec-
tion, drugs, and prematurity influence the severity
of unconjugated hyperbilirubinemia in newborn in-
fants; however, many cases of severe neonatal un-
conjugated hyperbilirubinemia are observed for
which no etiologic explanation is available (7, 8).
The possibility that some of these cases may have
a familial basis has not been previously suggested.

Our attention was called to this possibility by
observations made during the last 7 years on five
mothers who had given birth to a total of 16 in-
fants each of whomhad severe transient unconju-
gated hyperbilirubinemia for which no adequate
explanation was found. Three of these infants
died of kernicterus, and one surviving child had
quadriplegic cerebral palsy that probably resulted
from kernicterus. Subsequent to preliminary re-
ports of this syndrome (9, 10), three additional
families became available for study.

In 1957 Lathe and Walker demonstrated that
serum from pregnant women and their newborn
infants regularly inhibits the formation of conju-
gated bilirubin by rat liver slices in vitro (11).
In 1958 we suggested that transient familial neo-
natal hyperbilirubinemia may result from increased
amounts of a substance in the serum of certain
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pregnant women that inhibits the hepatic conju-
gation of bilirubin (9, 10). Studies of serum in-
hibitor factor activity were, therefore, performed
during subsequent pregnancies in some of these
patients.

The results indicate that, beginning in the sec-
ond trimester of pregnancy, mothers of infants
with transient familial neonatal hyperbilirubinemia
have significantly greater serum inhibitor factor
activity than do normal pregnant women. This
observation is probably important in the etiology
and pathogenesis of transient familial neonatal
hyperbilirubinemia.

Methods

Data regarding the health of the eight mothers be-
fore, during, and after each pregnancy were obtained
from hospital charts and records of private physicians.
A family history of severe or prolonged neonatal jaun-
dice was specifically sought. Each of the 24 infants was
born in a hospital, and data regarding birth and the neo-
tal period were obtained from hospital records.

The following studies were performed by standard
techniques to determine the cause of severe neonatal
jaundice: 1) blood typing and Rh factor determination,
Coombs' test, examination of peripheral blood morphol-
ogy, estimation of hemoglobin concentration, and reticu-
locyte count; 2) serologic test for syphilis; and 3) blood
cultures. Serum direct-reacting and indirect-reacting
bilirubin concentrations were estimated according to Mal-
loy and Evelyn (12). Erythrocyte glucose-6-phosphate
dehydrogenase activity was estimated in three infants,
urinary sediment was examined for evidence of cyto-
megalic inclusion body disease in four infants, and serum
glutamic-oxaloacetic and glutamic-pyruvate transaminase
activities and cephalin-cholesterol flocculation were esti-
mated in three infants.

The following specimens of serum were obtained,
frozen, and stored at - 40 C until assayed for inhibitor
factor activity:

a) Two specimens were obtained from each of 20 non-
pregnant female laboratory personnel of child-bearing age.

b) Eighty-four specimens were obtained from 16 preg-
nant women whose previous infants had not been severely
jaundiced. These sera were obtained during each tri-
mester, at term, and during the first 2 weeks postpartum,
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and with the sera from nonpregnant women these speci-
mens served as controls.

c) Fifty-eight specimens were obtained from the eight
mothers of infants with transient familial neonatal hy-
perbilirubinemia during and after 11 pregnancies.

d) Thirty specimens were obtained from 15 normal
infants during the first 14 days of life.

e) Twelve specimens were obtained from 11 infants
with transient familial neonatal hyperbilirubinemia dur-
ing the first 3 months of life.

Male Wistar rats weighing 100 to 150 g were fed
mouse breeder chow and water ad libitum until sacrificed
by decapitation. The liver was quickly removed, chilled,
and washed in 0.154 M KC1. Liver slices were pre-

pared with a Stadie blade. Fifty to 75 mg wet weight
of liver slices was placed in each incubation flask. Ten
per cent liver homogenates were prepared in 0.154 M
KC1 with a motor-driven Teflon pestle and a glass
homogenizer. All operations were performed at 00 C.

Serum was thawed to room temperature. The effect
of serum on direct-reacting bilirubin formation by rat
liver slices was estimated in quadruplicate according to
the method of Lathe and Walker (11). The effect of a

final serum concentration of 15% on o-aminophenol glu-
curonide formation by homogenates of rat liver was stud-
ied according to the method of Hsia, Dowben, Shaw, and
Grossman (13). The incubation mixture consisted of
0.5 MTris buffer (pH 7.8), 0.2 ml; 0.5 MMgCls, 0.2 ml;
1.1 X 10' M uridine diphosphate glucuronic acid
(UDPGA), 0.2 ml; 1.25 X 10' M o-aminophenol in 0.02
Mascorbic acid, 0.4 ml; 10% rat liver homogenate, 2.0 ml;

and serum, 0.44 ml. Incubation was in duplicate at 370 C
for 30 minutes. o-Aminophenol glucuronide formation
was estimated according to Levvy and Storey (14).
The mean estimates of direct-reacting bilirubin and
o-aminophenol glucuronide formation in the presence of
test sera were compared to those observed with control
male serum, and the result was expressed in arbitrarily
defined units of inhibition. One unit is equivalent to 1%
inhibition produced by undiluted serum in the test system.
When a test serum produced inhibition exceeding 90%, it
was serially diluted with control male serum, and the as-
say was repeated. The control male serum had negligible
inhibitory activity in vitro. Serum with increased in-
hibitory activity showed proportional decreases in inhibi-
tory activity as it was diluted increasingly with normal
serum.

Five specimens of inhibitory serum were studied fur-
ther. Their effect on direct-reacting bilirubin and
o aminophenol glucuronide formation by rat liver slices
and homogenates, respectively, was studied after the sera
were 1) stored at - 100 C for 6 months; 2) immersed
in a boiling water bath for 1 hour, centrifuged, and the
supernate examined, and 3) dialyzed at 30 C for 2 days
against flowing isotonic saline.

Results

A) Clinical results. Clinical data concerning the
eight mothers and their 24 infants are summarized
in Tables I and II. Further details regarding
each infant are presented in the Appendix.

TABLE I

Transient familial neonatal hyperbilirubinemia: clinical observations

No. of
Blood type Gesta- exchange

Birth tional Highest serum Day oh- trans-
Family Mother Baby Sex weight age bilirubin served fusions

g weeks mg/100 ml
G.O. O+ O+ Female 2,792 34 48 5

O+ Female 3,090 40 36 5 1
V.H. A+ O+ Male 2,948 36 Deeply jaundiced 4

A+ Male 2,977 40 61 7 2
O+ Female 3,050 40 25 3 2
O+ Male 3,345 40 17 5 0

A.C. O+ O+ Male 1,760 31 20 5 2
O+ Male 3,444 40 12.6 4 0
Of Female 2,892 39 8.9 4 0

D.F. B+ O+ Male 2,126 34 65 5 2
B+ Female 1,913 34 40 5 1
O+ Female 3,416 41 22 3 2
B+ Female 3,657 40 13 3 0
O+ Male 4,224 41 15 3 0

H.S. O+ A- Female 1,559 34 31 5 0
A- Female 2,537 34 18 4 0

W.G. A+ O+ Male 3,000 32 18 36 hours 0
A+ Female 3,200 35 14 4 0
A+ Male 3,400 40 24 3 0
A+ Male 3,910 40 19 4 0

N.R. O+ O+ Male 3,600 40 19 4 0
O+ Male 3,700 40 16 5 0

J.F. B+ O+ Female 3,500 36 23 5 0
B+ Male 3,700 40 17 3 0
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TABLE II

Transient familial neonatal hyperbilirubinemia: clinical observations

Age at Present
Family death Post-mortem age Follow-up

years
G.O. 7 Normal

5 Normal
V.H. 8 Normal

11 months Kernicterus
4 Normal
3 Normal

A.C. 2 Cerebral palsy
4 Normal
3 Normal

D.F. 6 days Kernicterus
7 Normal
2 Normal
5 Normal
4 Normal

H.S. 6 days Kernicterus
5 Normal

W.G. 36 hours Atalectasis
8 Normal
5 Normal
2 Normal

N. R. 4 Normal
1 Normal

J.F. 4 Normal
3 Normal

The eight mothers were Caucasians and had al-
ways been healthy. A.C. and D.F. are sisters-in-
law, but otherwise the eight mothers were unre-

lated to each other. There was no history of dia-
betes, chronic jaundice, abnormal menstruation, or

steroid ingestion during pregnancy. Unexplained
and severe neonatal jaundice had not been ob-
served in the eight mothers or in their siblings or

parents.
In each of the 24 infants jaundice was noted

within the first 4 days of life. The maximal ob-
served serum bilirubin concentrations ranged from
8.9 to 65 mg per 100 ml (mean, 25.4 mg per 100
ml) and were detected on the third to seventh days
of life. The serum concentration of direct-reacting
bilirubin never exceeded 5% of the total serum

bilirubin concentration.
Laboratory studies failed to reveal any known

etiology for the severe neonatal unconjugated hy-
perbilirubinemia. The possibility of a major blood
group incompatibility existed only in family H.S.,
but was excluded by failure to demonstrate hyper-
immune levels of anti-A antibodies in the cord
blood. Coombs' tests were negative in each of
the 24 infants. There was no significant anemia
in the 18 infants in whom hemoglobin concentra-
tions were determined. Reticulocyte counts were

within the range of normal encountered at this age.
Peripheral blood smears in 18 infants did not re-
veal spherocytosis or erythroblastosis. Erythro-
cyte glucose-6-phosphate dehydrogenase activity
was normal in the three infants on whom this
study was performed. Pyknocytes were searched
for in 11 cases, but none were seen. Six infants
(V.H. No. 1, 2, 3, and 4; D.F. No. 3; and W. G.
No. 1) were breast-fed.

Each mother had a negative serologic test for
syphilis.. Blood cultures, which were obtained in
ten infants, were negative. Four infants had nega-
tive studies of urinary sediment for evidence of
cytomegalic inclusion body disease. Petechiae,
splenomegaly, or other signs of infection were not
noted in any of the infants.

Except for A.C., who received Kynex, a long-
acting sulfonamide, for 7 days before delivery of
baby A.C. No. 1, no medications known to increase
the severity or duration of neonatal hyperbilirubi-
nemia were taken by the eight mothers during
pregnancy. Four infants (G.O. No. 1, D.F. No. 1,
D.F. No. 2, and H.S. No. 1) received a total of
12.5 mg of Hykinone in divided doses during the
first 5 days of life. The other infants received 2.5
mg of Hykinone intramuscularly at birth and 2.5
mg on the third day of life. Five infants (G.O.
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No. 1, D.F. No. 1, D. F. No. 2, D. F. No. 5, and
J.F. No. 1) received penicillin and streptomycin
subsequent to exchange transfusion.

Serum glutamic-oxaloacetic and glutamic-pyru-
vic transaminase activities and cephalin-cholesterol
flocculation were normal in the three infants in
whom these studies were performed. Histologic
examination of the liver at autopsy was normal
in four infants (V.H. No. 2, D.F. No. 1, H.S. No.
1, and W.G. No. 1).

None of the 20 surviving children had jaundice
that persisted after the neonatal period, nor was

there a history of jaundice in other family mem-

bers.
Three infants had birth histories suggesting pos-

sible intrauterine anoxia. One infant (W.G. No.
1) died 36 hours after birth from respiratory dis-
tress and atelectasis.
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Four infants weighed less than 2,500 g and were,
therefore, considered premature.

B) Laboratory results. The mean inhibition of
direct-reacting bilirubin formation by rat liver
slices by sera from control nonpregnant women,
normal women during and after pregnancy, and
from normal newborn infants is presented in Fig-
ures 1 and 2. The results are similar to those pub-
lished by Lathe and Walker ( 11 ). Quadruplicate
estimations of direct-reacting bilirubin formation
by rat liver slices with and without inhibitory se-
rum did not exceed the mean by more than 22%.
Serum inhibitory activity increased during preg-
nancy, was less in cord blood than in maternal se-
rum at term, and became normal in postpartum
and neonatal serum by the tenth day after delivery.
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FORMATIONBY RAT LIVER HOMOGENATESBY SERUMFROM
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WOMENAND THEIR NEWBORNINFANTS. The numbers in
each bar indicate the number of sera studied.

The mean inhibition of o-aminophenol glucu-
ronide formation by rat liver homogenates by sera
from control nonpregnant womenand from normal
women during and after pregnancy and from nor-
mal newborn infants is presented in Figures 3 and
4. The results are similar to those published by
Hsia and associates (13). Duplicate estimations
of o-aminophenol glucuronide formation by rat
liver homogenates with and without inhibition se-
rum were within 14%o of each other. The results
follow a pattern similar to the inhibition of direct-
reacting bilirubin formation by rat liver slices
shown in Figure 1.

Figure 2 presents the mean inhibition of direct-
reacting bilirubin formation by rat liver slices by
serum obtained from the eight mothers of infants
with transient familial neonatal hyperbilirubinemia
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and 11 of their infants. As indicated in Figure 2,
maternal sera obtained before pregnancy and
during the first trimester of pregnancy were undi-
luted when studied. All sera subsequently ob-
tained were diluted 1: 4 to 1: 10 with noninhibi-
tory, normal male serum. Beginning in the sec-

ond trimester of pregnancy, the inhibitory activity
of serum from mothers of infants with transient
familial neonatal hyperbilirubinemia was four to
ten times greater than that observed with maternal
serum in the control group.

Figure 4 presents the mean inhibition of
o-aminophenol glucuronide formation by rat liver
homogenates by serum obtained from the eight
mothers of infants with transient familial neonatal
hyperbilirubinemia and eight of their infants. Ma-
ternal serum from the second trimester of preg-

nancy through term was diluted 1:2 as previously
described. Serum from the neonates was undi-
luted when studied. The temporal course of serum

inhibitory activity during and after pregnancy and
in the neonatal period is similar to that observed
in Figure 2. The degree of inhibition is less in
each subsequent time period after birth. The in-
hibitory activity became normal by the fourteenth
day in both postpartum and neonatal serum, but
remained elevated for 3 months in one mother
(H.S.) and for 2 weeks in one infant (J.F. No. 2).

The effect of five inhibitory sera on direct-react-
ing bilirubin and o-aminophenol glucuronide for-
mation by rat liver slices and homogenates, respec-

tively, was not altered by 1) storage of serum at

- 100 C for 6 months, 2) immersion of serum in
a boiling water bath for 1 hour, or 3) dialysis at
30 C for 2 days against flowing isotonic saline.

Discussion

To establish that transient familial neonatal hy-
perbilirubinemia is a nosologic entity, one must
exclude factors known to be etiologically related
to neonatal unconjugated hyperbilirubinemia.
The available data on the 24 infants do not impli-
cate hemolysis, infection, drug effect, maternal dis-
ease, liver damage, respiratory distress syndrome,
prematurity, or breast feeding as causing the hy-
perbilirubinemia. There is no known inherited
defect in bilirubin metabolism that results in tran-
sient unconjugated hyperbilirubinemia. An in-
herited defect of glucuronyl transferase activity
results in permanent unconjugated hyperbilirubi-
nemia (15-17).

Clinically transient familial neonatal hyperbili-
rubinemia differs from the syndrome of transient
nonhemolytic unconjugated hyperbilirubinemia as-
sociated with breast feeding in some infants (18-
20). In the latter syndrome, severe and prolonged
unconj ugated hyperbilirubinemia is observed in
breast-fed but not bottle-fed infants of mothers
whose breast milk contains pregnane-3(a),20(p)-
diol that competitively inhibits hepatic glucuronyl
transferase activity in vitro (19). Serum obtained
from these mothers does not have significantly
greater inhibitor factor than normal pregnancy
serum. Kernicterus has not been observed in in-
fants with jaundice associated with breast feeding,
possibly because severe jaundice does not occur
until the seventh to tenth day of life at which time
the blood-brain barrier is presumably relatively
impermeable to unconjugated bilirubin (8). Only
6 of the present 24 infants were breast-fed.

Lathe and Walker described the inhibitory ef-
fect of normal pregnancy serum on direct-reacting
bilirubin formation by slices of rat liver and postu-
lated that the inhibitor was a progestational steroid
(11). Hsia and co-workers isolated pregnane-
3(a),20(a)-diol as the major inhibitor in pooled
pregnancy serum and demonstrated that the ster-
oid competitively inhibits glucuronyl transferase
activity in hepatic microsomes (13, 21). Holton
and Lathe have claimed that pregnane-3 (a),20(a)-
diol does not inhibit glucuronide formation by
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slices of human liver and suggested that an uniden-
tified steroid may be the active inhibitor in man
(22). Equimolar amounts of pregnane-3 (a),-
20(a)-diol and pregnane-3(a),20(ft)-diol equally
and competitively inhibit glucuronyl transferase
activity in guinea pig liver microsomes in vitro
( 19). Administration of the latter isomer of preg-
nanediol to normal full-term infants resulted in
nonhemolytic unconjugated hyperbilirubinemia
that disappeared when steroid administration was
discontinued (20). Serum from mothers of in-
fants with transient familial neonatal hyperbili-
rubinemia presumably contains the normally oc-
curring inhibitors associated with pregnancy.
Whether the increased inhibitory effects of these
sera result from qualitative or quantitative differ-
ences is unknown.

The inhibitor in the present study is nondialyz-
able, heat and cold stable, and temporarily associ-
ated with pregnancy. These observations suggest
that it is probably a progestational steroid. At-
tempts to isolate the inhibitor were unsuccessful
due to limited quantities of serum. Strongly in-
hibitory serum from three mothers of infants with
transient familial neonatal hyperbilirubinemia had
normal progestin activity as determined by bio-
assay; however, the method lacks specificity (23).
Studies of urinary pregnanediol excretion by these
mothers during pregnancy have not been per-
formed.

The inhibitor is probably of maternal origin,
as maternal serum at term always produced greater
inhibition than was observed with cord blood or
neonatal serum, although reduced binding of the
inhibitor by fetal plasma has not been excluded.
The mothers of infants with transient familial neo-
natal hyperbilirubinemia were not icteric during
pregnancy despite high titers of serum inhibitory
activity. Their freedom from jaundice is probably
due to their large hepatic functional reserve for
transferring bilirubin from blood to bile. Although
quantitation of this reserve is lacking in man, a
factor of 100 has been suggested (11), and in the
rat a factor of at least 40 has been demonstrated
(24, 25).

It is postulated that the serum inhibitor factor in
these mothers crosses the placenta and inhibits he-
patic glucuronyl transferase in the neonate. This
inhibition is superimposed on a normally occurring
delayed development of the hepatic glucuronide

conjugating system, particularly glucuronyl trans-
ferase activity. The placenta is believed to transfer
unconjugated bilirubin from fetus to mother, whose
liver conjugates and excretes bilirubin (26, 27).
In transient familial neonatal hyperbilirubinemia,
jaundice is observed within hours after birth, in-
creases rapidly, and subsequently subsides within
approximately 7 to 15 days- if the infant survives.
The inhibitor is postulated to decrease hepatic glu-
curonide formation in the neonate, and serum in-
hibitory activity is either normal or declines sig-
nificantly by the fourteenth day of life. By con-
trast, infants with prolonged unconjugated hyper-
bilirubinemia associated with breast feeding do not
become severely icteric until approximately the
fifth to tenth day of life. The inhibitory steroid
that has been isolated from mothers' milk is not
present in colostrum. This finding may be re-
sponsible for the delayed onset of severe neonatal
jaundice in this syndrome.

The etiology of the increased serum inhibitory
activity in maternal serum is unknown. An ac-
quired abnormality seems unlikely, as drug in-
gestion is denied and every infant has been
affected. There is no evidence for an inherited ab-
normality, since the mothers were unrelated and
there was no family history of severe or prolonged
neonatal jaundice.

Further studies are needed to establish the iden-
tity of the inhibitor, its source, and mechanism of
action. Clinical recognition of the syndrome of
transient familial neonatal hyperbilirubinemia
should reduce the number of cases of severe neo-
natal unconjugated hyperbilirubinemia that are
currently of unknown etiology. Furthermore,
early exchange transfusion should prevent kernic-
terus in these infants.

Summary

A syndrome of transient familial neonatal un-
conjugated hyperbilirubinemia not due to known
causes has been described in 24 infants of eight
unrelated, healthy Caucasian mothers. Four of
the infants developed kernicterus.

Beginning in the second trimester of pregnancy,
sera from the eight mothers and their newborn
infants inhibited direct-reacting bilirubin and
o-aminophenol glucuronide formation by rat liver
slices and homogenates, respectively, four to ten
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times more than was observed with sera from a
control group of pregnant women and their in-
fants.

The serum inhibitory factor in these women is
unidentified. The fact that the inhibitor occurs in
pregnancy serum suggests that it is probably a
progestational steroid that inhibits glucuronyl
transferase activity in the liver of neonates. The
mechanism responsible for increased serum inhibi-
tor factor activity in these women is unknown and
requires further study.
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Appendix
Family G.O. Infant G.O. No. 1 was a full-term fe-

male infant whose birth history was benign. On the
fifth day of life the infant became deeply jaundiced, and
the serum bilirubin concentration was 48 mg per 100 ml.
Because the infant was 5 days old and her clinical con-
dition was good, an exchange transfusion was not per-
formed. She is now 7 years old and is normal.

Infant G.O. No. 2, a full-term female infant, had a se-
rum bilirubin concentration of 25 mg per 100 ml on the
fourth day of life. The serum bilirubin concentration was
36 mg per 100 ml on the following day, and an exchange
transfusion was performed. The child is now 5 years old
and is normal.

Family V.H. Infant V.H. No. 2, a 2,977-g infant, was
born of an uneventful pregnancy. He was lethargic at
birth, and jaundice was noted on the fourth day of life
at which time the serum bilirubin concentration was 28
mg per 100 ml and within 4 hours increased to 42 mg
per 100 ml. Three exchange transfusions were per-
formed during the subsequent 24 hours. During the last
exchange transfusion, he developed a cardiac arrhythmia.
Within 12 hours the serum bilirubin again rose to 41 mg
per 100 ml. The infant became opisthotonic and had an
abnormal Moro reflex. His clinical condition was judged
to preclude a fourth exchange transfusion. The serum
bilirubin reached a peak of 61 mg per 100 ml on the
seventh day of life. He remained opisthotonic and de-
cerebrate throughout his life and had frequent episodes
of unexplained fever. He died at 11 months of age dur-
ing such an episode. Post-mortem examination revealed
extensive cerebral atrophy and a histologically normal
liver.

A pediatrician who had taken care of infant V.H. No.
1 stated that V.H. No. 1 had been "deeply jaundiced"
during the immediate neonatal period. This child is now
8 years old and is healthy.

Infants V.H. No. 3 and 4 were closely observed. Both
infants developed high serum bilirubin concentrations.
V.H. No. 3 received two exchange transfusions. Both
children are now normal.

Family A.C. Infant A.C. No. 1 was considered normal
until 80 hours of age at which time the serum bilirubin
concentration was 18 mg per 100 ml. An exchange trans-
fusion was performed. The serum bilirubin concentra-
tion decreased to 7.5 mg per 100 ml and slowly rose over
the subsequent 24 hours to 20 mg per 100 ml, and a sec-
ond exchange transfusion was performed. Just before
the second exchange transfusion, the infant showed the
following signs of kernicterus: a high-pitched cry, poor
sucking reflex, and opisthotonus. After the second ex-
change transfusion, the serum bilirubin concentration rose
to 18 mg per 100 ml on the fifth day of life and subsided
to 12 mg per 100 ml within 24 hours. A.C. No. 1 was a
hypotonic infant, but no other abnormalities were noted
in the nursery. His development was not normal, and a
diagnosis of spastic quadriplegia was made. He is now 6
years old, mentally alert but severely handicapped.

Several months after the birth of A.C. No. 1 we dis-
covered that Mrs. A.C. had received Kynex, a long-acting
sulfonamide, for 7 days before delivery. This medication
is known to cross the placenta and give persistent blood
levels in the newborn infant. It is our hypothesis that
the drug interfered with the bilirubin binding capacity of
his serum albumin and accounted for the development of
a clinical picture compatible with, but not diagnostic of,
kernicterus in the newborn period. It is possible that the
brain damage he suffered was not due to the hyperbili-
rubinemia observed in the newborn period; however, the
benign birth history and uncomplicated first 3 days of life
argue against this explanation.

Infants A.C. No. 2 and A.C. No. 3 demonstrated neo-
natal jaundice but did not require exchange transfusion,
and their development has been normal.

Family D.F. Mrs. D.F. is a sister-in-law of Mrs. A.C.
Infants D.F. No. 1 and D.F. No. 2 were premature twins.
Their birth histories and first 5 days of life were benign.
On the fifth day they became lethargic and jaundiced.
D.F. No. 1 had a serum bilirubin concentration of 65 mg
per 100 ml. The child's cry was abnormal, and an ex-
change transfusion was performed. Approximately 12
hours later the infant died . Post-mortem examination re-
vealed kernicterus and normal liver histology. D.F. No.
2 had a serum bilirubin concentration of 40 mg per 100
ml. One exchange transfusion was performed, which re-
duced the serum bilirubin concentration to 8 mg per 100
ml. On the sixth day of life the serum bilirubin concen-
tration rose to 25 mg per 100 ml and subsequently fell to
14 mg per 100 ml on the eighth day of life. This child is
now 7 years of age and is normal.

Mrs. D.F.'s subsequent children have been observed
closely for neonatal jaundice. Infant D.F. No. 3 re-
ceived two exchange transfusions because the serum bili-
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rubin concentration rose to 22 mg per 100 ml. D.F. No.
4 and D.F. No. 5 became jaundiced but did not require
exchange transfusions. These children are living and
normal.

Family H.S. Baby H.S. No. 1, a full-term female in-
fant, was born prematurely after premature rupture of
the membranes. The delivery was spontaneous. The in-
fant breathed poorly at birth but improved. She re-
ceived penicillin and streptomycin when suspected of hav-
ing sepsis. The infant's course during the first 4 days of
life was uneventful, but on the fourth day of life jaundice
was noted and serum bilirubin concentration was 31 mg
per 100 ml. She became opisthotonic, had irregular res-
pirations, and a reversed Moro reflex. The child died on
the sixth day of life. Autopsy revealed kernicterus, in-
tracranial bleeding, and a pulmonary hemorrhage.

Infant H.S. No. 2 manifested hyperbilirubinemia but
did not require an exchange transfusion. No follow-up
information on this child is available.

Family W.G. Baby W.G. No. 1, a prematurely born
male infant, died 36 hours after birth of respiratory dis-
tress syndrome. Autopsy revealed massive atalectasis.

Infant W.G. No. 2, a full-term female infant, mani-
fested intense jaundice on the second day of life. The
maximal serum bilirubin concentration was 14 mg per 100
ml, which was observed on the fourth day of life. Hyper-
bilirubinemia slowly subsided during the subsequent 2
weeks.

Infant W.G. No. 3, a full-term male baby, developed ic-
terus at 40 hours of life. The serum bilirubin concen-
tration was 24 mg per 100 ml on the fifth day, and an ex-
change transfusion was performed. Hyperbilirubinemia
disappeared by the twelfth day.

Infant W.G. No. 4 weighed 3,960 g at birth and thrived.
The serum bilirubin concentration was 19 mg per 100 ml
on the fourth day of life and spontaneously subsided. The
child appeared clinically well throughout this period.

Family N.R. Baby N.R. No. 1, a full-term male in-
fant, was well until the second day of life, when intense
jaundice was observed. The serum bilirubin concentra-
tion rose to a maximum of 18 mg per 100 ml on the fourth
day. The infant's clinical condition was good, and ex-
change transfusion was not performed. Hyperbilirubine-
mia spontaneously disappeared by the second week of life.
This child is now 4 years old and is normal.

Mrs. N.R. became pregnant again in July 1960. Be-
cause of the history of unexplained jaundice in her first
child, serum specimens were obtained during pregnancy,
at term, and postpartum for study of inhibitor factor ac-
tivity. N.R. No. 2, a full-term male infant, was born after
an uneventful delivery and appeared normal. Jaundice
became apparent on the second day at which time the se-
rum bilirubin concentration was 12 mg per 100 ml, in-
creased to 16 mg per 100 ml on the fifth day, and spon-
taneously subsided to normal by the fifteenth day of life.
This child is now 3 years old and is normal.

Family J.F. J.F. No. 1, a full-term female infant, ap-
peared clinically normal until the third day of life, when
jaundice was observed. The serum bilirubin concen-
tration was 16 mg per 100 ml. Laboratory studies did not

reveal evidence of blood group incompatibility, sepsis, or
liver damage. The child remained well, and the serum
bilirubin concentration rose to 23 mg per 100 ml on the
fifth day. An exchange transfusion-was performed, and
hyperbilirubinemia slowly abated.

Mrs. J.F. became pregnant again in August 1961. Be-
cause of the history of unexplained jaundice in her first
child, serum specimens were obtained during pregnancy,
at term, and postpartum for study of inhibitor factor ac-
tivity. J.F. No. 2, a full-term male infant, appeared
normal at birth. Jaundice became apparent on the third
day, and the serum bilirubin was 15.5 mg per 100 ml and
increased to 19 mg per 100 ml on the fourth day at which
time an exchange transfusion was performed. Hyperbili-
rubinemia subsequently subsided by the ninth day. This
child is now 3 years old and appears normal.
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