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Newborn infants who have hereditary spherocytosis (HS) can develop anemia
and hyperbilirubinemia. Bilirubin-induced neurologic dysfunction is less likely
in these neonates if the diagnosis of HS is recognized and appropriate
treatment provided. Among neonates listed in the USA Kernicterus Registry,
HS was the third most common underlying hemolytic condition after glucose-
6-phosphate dehydrogenase deficiency and ABO hemolytic disease. HS is the
leading cause of direct antiglobulin test (direct Coombs) negative hemolytic
anemia requiring erythrocyte transfusion in the first months of life. We
anticipate that as physicians become more familiar with diagnosing HS in the
newborn period, fewer neonates with HS will develop hazardous
hyperbilirubinemia or present to emergency departments with unanticipated
symptomatic anemia. We predict that early suspicion, prompt diagnosis and

treatment, and anticipatory guidance will prevent adverse outcomes in
neonates with HS. The purpose of this article was to review the neonatal
presentation of HS and to provide practical and up-to-date means of

diagnosing and treating HS in neonates.

Hereditary spherocytosis (HS) is

a heterogeneous disorder in which
abnormalities of red blood cell
structural proteins lead to loss of
erythrocyte membrane surface area,
resulting in spherical-shaped,
hyperdense, poorly deformable red
blood cells (Fig 1) with a shortened
life span.1-> HS occurs worldwide and
affects individuals from all racial and
ethnic groups. Individual pediatricians
encounter HS uncommonly, but
hospitals and health care systems
with large delivery services regularly
deal with this condition, particularly
in white neonates of northern
European ancestry, in whom the
condition can be as frequent as 1 in
1000 to 2000 births. Early suspicion
and diagnosis of HS allow appropriate
management, including provision of
anticipatory guidance to parents,
which can reduce the risk of adverse
outcomes.
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The purpose of the present article was
to review the neonatal presentation
of HS and to provide practical and
up-to-date means of diagnosing and
treating HS in neonates.

PATHOGENESIS

The loss of membrane surface area in
HS erythrocytes is due to defects in
various erythrocyte membrane
proteins, ankyrin-1, band 3, B-spectrin,
a-spectrin, and protein 4.2 (Table 1,
Fig 2).1-5 Numerous mutations in the
genes encoding these membrane
proteins have been described.
Destruction of poorly deformable HS
erythrocytes in the spleen is the
primary cause of hemolysis in patients
with HS.

The clinical spectrum of HS during the
perinatal period ranges from severe
fetal anemia with hydrops fetalis to the
asymptomatic neonate. This wide

Divisions of “Neonatology and "Hematology/Oncology,
Department of Pediatrics, University of Utah School of
Medicine, Primary Children’s Hospital, Intermountain
Healthcare, Salt Lake City, Utah; and °Division of
Neonatology, Department of Pediatrics, Yale University
School of Medicine, Yale—New Haven Children’s Hospital,
New Haven, Connecticut

Dr Christensen conceptualized and drafted the
initial manuscript; Drs Yaish and Gallagher authored
the manuscript; and all authors approved the final
version as submitted.

www.pediatrics.org/cgi/doi/10.1542/peds.2014-3516
DOI: 10.1542/peds.2014-3516
Accepted for publication Jan 29, 2015

Address correspondence to Robert D. Christensen,
MD, Department of Pediatrics, Room 2N131, 295
Chipeta Way, University of Utah, Salt Lake City, UT
84108. E-mail: robert.christensen@hsc.utah.edu

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online,
1098-4275).

Copyright © 2015 by the American Academy of
Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated
they have no financial relationships relevant to this
article to disclose.

FUNDING: This work was supported by NIH grant
RO1-HL65448. Funded by the National Institutes of
Health.

POTENTIAL CONFLICT OF INTEREST: The authors have
indicated they have no potential conflicts of interest
to disclose.

STATE-OF-THE-ART REVIEW ARTICLE



mailto:robert.christensen@hsc.utah.edu

FIGURE 1

Photomicrograph of a stained blood film from a neonate with hereditary spherocytosis (band 3
mutation). Several spherocytes are present in this field, along with polychromatophilic erythrocytes

and 2 nucleated red blood cells.

range is due, in part, to the various
genes and specific mutations
involved, as well as to the presence or
absence of coinherited conditions. For
instance, HS coinherited with
mutations or polymorphisms of genes
involved in bilirubin uptake into
hepatocytes (SLCO1B1) or
intrahepatic bilirubin conjugation
(UGT1A1) can increase the risk of
hazardous hyperbilirubinemia and
kernicterus.6-9

MAKING THE DIAGNOSIS OF HS IN
A NEONATE

As with any relatively uncommon
neonatal disorder, the first step in
making the diagnosis of HS is
considering it in the differential
diagnosis. Thus, a basic
understanding of HS is useful to
physicians caring for neonates. We
have found that the triad of anemia,
splenomegaly, and jaundice, which is
found in older children and adults
with HS, is rare in neonates. More
than one-half of neonates with HS are

not anemic in the first week of life,
and splenomegaly is rarely
detected.10 Jaundice is the most
common presenting feature of HS in
neonates.!! In addition, the typically
sluggish erythropoietic response of
neonates often renders the
reticulocyte count low relative to the
degree of anemial?; spherocytes are
less often observed on the blood
smear of neonates; and other markers
of hemolysis seen in older patients,
such as low haptoglobin levels,12 may
be poor indicators of hemolysis in the
neonate.

Severe neonatal jaundice can be the
result of various underlying
causes.13-16 Unfortunately, as
illustrated by Johnson et al,13 even
when hyperbilirubinemia is severe
enough to cause kernicterus, the
underlying cause of the jaundice
frequently remains unidentified.
Perhaps the intense focus on reducing
the elevated bilirubin level into

a safe range sometimes results in
neglecting evaluation of how the

TABLE 1 Erythrocyte Membrane Proteins Involved in HS

bilirubin became so high in the first
place.14

Approximately 65% of neonates with
HS have a parent with HS.135 When
a parent has HS, it is important that
this information be placed
prominently in the prenatal record
and communicated verbally, before
birth, to the physicians and the
hospital staff who will be providing
neonatal care. All parents with HS
should be encouraged to
communicate this information to
their infant’s physician before
delivery. Failure to do so sometimes
occurs when the affected parent has
been asymptomatic since undergoing
splenectomy as a child and has all but
forgotten about the condition, and
fails to consider that it might be
problematic for the newborn infant.
It can be helpful to specifically
inquire of parents of anemic and/or
jaundiced neonates about a family
history of anemia, jaundice,
splenectomy, or early gallstones.

One way to suspect HS in a jaundiced
neonate is to obtain a complete
blood cell count for interpretation of
the red blood cell indices, in
particular the mean corpuscular
hemoglobin concentration (MCHC)
and the mean corpuscular volume
(MCV), and to examine the peripheral
blood smear for the presence of
spherocytes and polychromasia.l”
Typically, a neonate with HS will have
an elevated MCHC. Figure 3 displays
the histograms of MCHC
measurements in 3 groups of
jaundiced neonates: (1) direct
antiglobulin test (DAT)-negative
jaundice; (2) DAT-positive jaundice
(primarily ABO hemolytic disease);
and (3) HS. The histogram reveals
some overlap in MCHC, but, as

Protein Gene Chromosomal Location Percentage of HS Cases Typical Severity Inheritance
Ankyrin-1 ANK1 8p11.2 40-50 Mild to moderate Autosomal dominant
Band 3 SLG4AT 20-35 Mild to moderate Autosomal dominant
B-spectrin SPTB 14q23-24.1 15-30 Mild to moderate Autosomal dominant
a-spectrin SPTAT 1022-23 <5 Severe Autosomal recessive
Protein 4.2 EPB42 15q15-21 <5 Mild to moderate Autosomal recessive
1108 CHRISTENSEN et al
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FIGURE 2

Schematic diagram of the erythrocyte membrane. The upper portion represents the erythrocyte’s external surface, separated from the internal
structures by the lipid bilayer. Proteins shown where mutations result in HS include band 3, ankyrin-1, a-spectrin, B-spectrin, and protein 4.2. (Reprinted
with permission from Gallagher PG. Abnormalities of the erythrocyte membrane. Pediatr Glin North Am. 2013;60(6):1358).

a general rule, if a neonate’s MCHC is
elevated (>36.5 to 37 g/dL), HS is
likely.11 Another way to estimate
whether a neonate has HS takes
advantage of the fact that in most
neonates with HS, the MCV is low.
Based on this scenario, the neonatal
HS ratio can be calculated by dividing
the MCHC by the MCV. Using this
ratio, little overlap is seen between
normal neonates and those later
proven to have HS. In fact, in the
Intermountain Healthcare database,
a neonatal HS ratio >0.36 indicates
that HS is present with 97%
sensitivity, >99% specificity, and
>99% negative predictive value.18

It is likely that different makes and
models of automated cell counters
generate slight differences in
erythrocyte indices, such as the MCV
and MCHC. Validation of the neonatal
HS ratio on all models of counters
would be useful. The mean
hemoglobin content of all the
measured red blood cells as well as
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reticulocyte parameters can
sometimes be helpful in suggesting
HS,12 but we are unaware of reports
of their use in newborn infants.

Figure 4 reviews our
recommendations for how to evaluate
a neonate for HS when a parent is
known to have HS. Because the
common forms of HS are inherited in
an autosomal dominant manner, each
child born to a parent with HS has

a 50% chance of inheriting the
disorder. The key element in the
algorithm is to treat the neonate as if
he or she has HS until proven
otherwise. In addition to obtaining
erythrocyte indices, this approach
includes peripheral smear
examination and reticulocyte count,
adhering to the American Academy of
Pediatrics’ guidelines for bilirubin
monitoring in the birth hospital,
aggressive phototherapy when
indicated, and a follow-up bilirubin
assessment no later than 24 hours
after the hospital discharge.20-21

Figure 5 reviews our
recommendations for evaluating

a jaundiced neonate for HS when
neither parent has HS. There is no
need to wait until the neonate is
several months old, or until
significant anemia develops, to begin
the evaluation. By following the
algorithm in Fig 4 (parent has HS) or
Fig 5 (parent does not have HS), the
diagnosis can often be made during
the birth hospitalization.

The presence of spherocytes on
peripheral blood smear is helpful
when considering the diagnosis of HS
(Fig 1),* but up to one-third of
neonates with HS do not have
spherocytes identified prominently on
their blood smear. Some neonates with
band 3 deficiency have pincered red
blood cells.22 A subset of neonates
with DAT-negative ABO
incompatibility severe enough to
produce spherocytes on peripheral
smear have been described. In most
cases, the differentiation from HS is

1109
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Frequency distribution of MCHC (grams per deciliter) values in 3 groups of jaundiced neonates: (1) DAT negative (Coombs negative); (2) DAT positive
(Coombs positive); and (3) HS. (Reprinted with permission from Christensen RD, Henry E. Hereditary spherocytosis in neonates with hyperbilirubinemia.
Pediatrics. 2010;125(1):124).

clear (eg, family history, maternal/
infant blood group analysis), but
additional testing such as elution of
anti-A or anti-B from neonatal

FIGURE 4

Evaluating a neonate during the birth hospitalization whose parent has HS. The evaluation includes
the following: (1) observe the serum bilirubin level and treat according to the American Academy of
Pediatrics’ guidelines during and for several days after the birth hospitalization as if this were
a known case of hemolysis; (2) during the birth hospitalization initiate the evaluation as given in the
graphic or as suggested by hematology consultation; and (3) consider that the neonate could have
more severe jaundice than the parent did as a neonate, particularly if there has been coinheritance

Obtain CBC & Blood Smear

/\

High MCHC/MCYV ratio
(>0.36)

Intermediate (35-36) or normal
(<35) MCHC/MCV ratio

/\

Spherocytes
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!

!

Likely to have
autosomal dominant HS

Might have autosomal
dominant HS
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e EMA flow

Less likely to have
autosomal dominant HS
(but sometimes
spherocytes are not
prominent on blood films
of neonates who have
HS)

® Incubated osmotic fragility
@ Hematology consultation

erythrocytes or detection of free anti-A
or anti-B immunoglobulin G antibody
in neonatal serum (indirect Coombs
test) can clarify the diagnosis.

of a polymorphism-retarding bilirubin uptake or conjugation. CBC, complete blood cell count.
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When the diagnosis of HS is uncertain,
eosin-5-maleimide (EMA) binding or
osmotic fragility testing can be
helpful?3-25 (Fig 6). EMA binding is

a flow cytometry-based test that
measures the relative amount of
fluorescently labeled EMA dye bound
to band 3 and Rh-related proteins in
the erythrocyte membranes. In HS, the
reduction in band 3 and other
membrane proteins leads to decreased
fluorescence intensity. In the Primary
Children’s Hospital hematology clinic,
EMA flow has outperformed other
diagnostic tests for HS in newborn
infants.2# Neonatal erythrocytes exhibit
altered response to osmotic stress
compared with adult erythrocytes.
However, after incubation, osmotic
fragility has been successfully used to
diagnose HS in neonates.2627 New flow
cytometric methods of assessing
erythrocyte osmotic fragility are
promising,28-30 but we do not have
experience with these methods for
diagnosing HS in newborn infants nor
do we know of published studies in

CHRISTENSEN et al



Problematic Neonatal Jaundice?
Is phototherapy needed for >2 days? To evaluate potential
underlying causes, obtain blood type on mother and infant baby, DAT, CBC
with peripheral blood smear, and reticulocyte count.

DAT positive
In ABO hemolytic
disease, if the
jaundice is severe or
atypical, consider
the possibility of a
coexisting condition;
consider additional
diagnostic testing
and sequencing

DAT negative

RBC enzymology
or other
intrinsic defect
G6PD
pyruvate kinase
other

Suspicious for HS?
(MCHC/MCV >0.36)

/ fragility
Pathogenesis still unclear? \

FIGURE 5

EMA flow
incubated osmotic

e Additional diagnostic testing
o Next-generation DNA sequencing
e Hematology consultation

Evaluating a neonate with problematic jaundice in whom the etiology is unclear. Not all neonates
who receive phototherapy for =2 days have hemolytic jaundice. However, if hemolytic jaundice is
suspected, the algorithm given here for stepwise evaluation of the etiology might be useful. CBC,
complete blood cell count; GBPD, glucose-6-phosphate dehydrogenase deficiency.

which these methods were proven
effective with the blood of neonates.
Sodium dodecyl sulfate polyacrylamide
gel electrophoresis has been used as
well but has generally been replaced
by other methods.31

Table 2 lists laboratory evaluations
we consider to be helpful in
diagnosing HS in a neonate.
Sequencing of the relevant genes can
be performed as a confirmatory test
(available in a few reference
laboratories) when desired.32 We
reserve genetic sequencing for cases
with no family history and a severe
HS phenotype. The goal would be to
make a clear diagnosis, allow for
appropriate therapy, and to provide
parents and family members with
genetic information for counseling
regarding risk of recurrence.

TREATMENT

Phototherapy should reduce the
bilirubin level of jaundiced neonates
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with HS, and it is the mainstay of
treatment in the first days after
birth.33-35 When a bilirubin level is
found to be in the high or high to
intermediate risk zone (>75th
percentile reference interval),
phototherapy should be provided
immediately. An exchange transfusion
followed by intensive phototherapy
should follow American Academy of
Pediatrics’ guidelines.20.21.36

When signs of anemia appear, packed
erythrocyte transfusions are helpful.
Longitudinal studies indicate that
transfusion requirements abate in
most patients by 1 year of age. The
few patients who remain transfusion
dependent (typically those with
severe anemia in utero or
immediately after birth) experience
severe HS. In a few reports,
recombinant erythropoietin (rEPO, or
long-acting darbepoetin rEPO)
therapy has been used as an
alternative or adjunct to
transfusion.37-39 The rationale for
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FIGURE 6

A, Results of Osmotic Fragility testing of a neo-
nate with HS. The diagnosis is supported by
finding that red blood cells are more fragile to
osmotic lysis than normal (the normal range is
shown by the 2 dotted lines). HS cells undergo
more hemolysis than normal as the sodium
chloride (NaGl) concentration is increased. B,
Results of Eosin-5-Maleimide Fluorescent Cyto-
metric (EMA-FITC) testing of the same neonate
with HS shown in panel (A). The diagnosis is
supported by finding that a large fraction of
the red blood cells have reduced EMA binding,
with a leftward displacement of events, com-
pared with the normal range (footprint). Side
scatter (SSC) reflects cell size.

rEPO treatment relates to the relative
hypoplastic phase of erythropoiesis
during the first weeks to months after
birth. This phase might be associated
with the abrupt decrease after birth
from the highly stimulated
erythropoiesis during fetal life, the
switch of erythropoietin (EPO)
production from the liver to the
kidney, the switch from fetal to adult
hemoglobin, or a lower serum level of
EPO in infants compared with older
children. Patients with moderate

or severe HS should receive folate
supplementation to prevent
complications of folic acid deficiency.
Splenectomy is rarely undertaken

in the first year of life. Because
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TABLE 2 Laboratory Evaluation for HS in a Jaundiced Neonate

HS Ratio (MCHC/MCV) EMA Flow?®

Incubated Osmotic Fragility

DNA Sequencingb

Neonates with HS will
generally have a high
MCHC and a low MGV,
producing an elevated
ratio (>0.36)

EMA dye binds stoichiometrically to
band 3 and Rh-related membrane
proteins. Decreased fluorescence
intensity of EMA-tagged erythrocytes
due to loss of membrane proteins is
seen in HS. Decreased EMA binding is
also seen in other disorders such as
hereditary pyropoikilocytosis and
congenital dyserythropoietic anemia Il

HS erythrocytes are more susceptible to
osmotic lysis than normal erythrocytes
due to decreased membrane surface
area. Incubation overnight stresses
the already fragile HS erythrocyte,
accentuating the defect. Spherocytes
from any cause, including ABO
incompatibility, will yield a positive
result on osmotic fragility testing

Not needed to diagnosis most cases of HS.
However, it can establish the diagnosis in
difficult cases. Consider sequencing of
relevant genes when family history is
negative and severe DAT-negative hemolysis
is idiopathic

a Available in many reference laboratories.

b Available in selected hematology/genetics reference laboratories. For example: Blood Disease Reference Hematology Laboratory, http://www.yaleblooddiseaselab.org/, 310 Cedar Street,
CB 541a, New Haven, CT 06520, Tel. (203)737-1349, Fax (203)785-3896; ARUP Laboratories, http://www.aruplab.com/testing, 500 Chipeta Way, Salt Lake City, UT 84108, Tel. (800)522-2787, Fax
(800)522-2706; GeneDx, http://www.genedx.com, 207 Perry Parkway Gaithersburg, MD 20877, Tel. (301)519-2100, Fax (301)519-2892; and Mayo Medical Laboratories, http://www.mayo-
medicallaboratories.com/, 3050 Superior Drive NW, Rochester, MN 55901, Tel. (800)553-1710, Fax (507)284-1759.

hemolysis abates in most patients,
careful symptomatic management is
prudent, with transfusion therapy as
indicated.

NATURAL HISTORY OF HS DURING
INFANCY

This topic has received relatively little
attention in published series or
reviews.*0-45 Delhommeau et all0
reported on 34 infants with HS
during their first year of life, and
neonatal jaundice was present in
virtually all of the infants. Twenty-
seven infants were treated with
phototherapy, and 3 received
exchange transfusions in the first
week due to hyperbilirubinemia.
Thirty-one of the 34 infants had
pallor and dyspnea during the first
month. Twenty-six (76%) required
=1 red blood cell transfusion during
the first year; 12 had a single
transfusion, and 14 had =2
transfusions. The authors’ practice
was to order transfusions if the
hemoglobin concentration fell to
<10 g/dL in the first week and

<8.5 g/dL thereafter. Transfusions
were rarely needed in the first week of
life but were commonly given in month
2 of life. Only 8 (24%) of those with
HS continued to receive transfusions
after 6 months of age. Six underwent
splenectomies at 2 to 5 years of age.

The natural history of HS during the
first week of life can involve
hyperbilirubinemia, which is

1112

sometimes severe, leading to
bilirubin-induced neurologic
dysfunction.®7:1343 [n the USA
Kernicterus Registry, 23 of the 125
patients with kernicterus had

a hemolytic condition, of whom 3 had
HS and severe icteric sequelae.13

There should be close observation for
hematologic decompensation during
acute illnesses. Infants with HS may
experience hemolytic or aplastic
crises, similar to children and adults
with HS. This outcome is particularly
true after 6 months of age when
maternally derived immunoglobulin
G antibodies to microbes have waned.
Parvovirus B19-mediated aplasia is
a common occurrence in children
with HS.45 Parents should be
provided anticipatory guidance
regarding the occurrence of
hematologic decompensation
accompanying systemic illness. The
wide spectrum of disease severity
requires individualized plans for
frequency of follow-up visits. These
visits should assess the degree of
anemia and monitor growth and
development. Children with HS who
continue to require blood
transfusions should be closely
monitored for iron overload.

CONCLUSIONS

A working knowledge of the
presentation, diagnosis, and
treatment of HS is essential for those
providing care to neonates. When

a newborn infant has significant
hyperbilirubinemia, a careful review
of the family history, evaluation of the
red blood cell indices, and
interpretation of the peripheral blood
smear may be all that is needed to
make a diagnosis of HS. In selected
cases measuring erythrocyte EMA
binding, incubated osmotic fragility
or flow cytometric detection of
erythrocyte osmotic fragility may be
helpful. In problematic cases,
hematologic consultation and DNA
sequencing can provide the diagnosis.
In any newborn infant with hemolytic
jaundice, rigorous bilirubin
monitoring and treatment are needed,
particularly during the first weeks of
life, and monitoring of the
hemoglobin level is required during
the first months of life. If health care
providers develop an early suspicion
of HS, establish the diagnosis, provide
appropriate treatment, and offer
anticipatory guidance to home
caregivers, adverse outcomes can be
avoided.
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GETTING THELAST DROP: Our refrigerator is littered with partially filled bottles of
mustard, ketchup, and mayonnaise. In order to get the last of the ingredient, I will
store them in such a way that promotes flow of the material toward the nozzle.
Despite my best efforts, however, far too much mustard or ketchup remains stuck in
the bottle and unusable. It would appear that others have the same problem.
Consumer Reports magazine reported in September 2009 that a considerable
amount of what we buy, from toothpaste to laundry detergent, cannot be used as it
remains trapped in the container. Their tests showed that 25 percent of skin lotion
and 15 percent of condiments such as mustard and ketchup are thrown away. Help,
however, may be on the way.

As reported in The New York Times (Science: March 23, 2015), a Massachusetts
Institute of Technology professor and one of his graduate students have developed
a coating for the inside of containers to make them slippery. When a fluid moves
through a pipe or a container, the layer next to the pipe usually sticks to it and does
not move. The fluid farthest from the wall of the pipe or container moves fastest. The
trick is to make the boundary between the wall of the container and the first layer of
fluid slippery with a lubricant. The MIT scientists developed an equation to predict
the interactions between the surface of the container, the lubricant, and air and
water. The lubricant binds more strongly to the surface of the container than to the
liquid, allowing the liquid to slide on a layer of lubricant rather than over the surface
of the container. The first successful application of the equation was in developing
a lubricant that allows glue to flow effortlessly through a glue bottle. The materials
can be modified for different applications. For instance, specific coatings can be
developed to help crude oil, toothpaste, and honey flow more easily in their
containers.

While the industrial applications are impressive, | am particularly happy that I will
not be wasting as much food in the future; I expect food applications to appear in
2017.

Noted by WVR, MD

CHRISTENSEN et al


http://www.pediatrics.org/cgi/content/full/132/2/e531
http://www.pediatrics.org/cgi/content/full/132/2/e531

