Clin. Lab. 2020;66:XXX-XXX
©Copyright

CASE REPORT

Unexplained Late-Onset Hemolytic Jaundice Preceded by
High Fetal Hemoglobin Level in
an Extremely Low Birth Weight Infant
GoEun Kwon 1, *, Aya Okahashi 1, *, Nobuhiko Nagano 1, Chihiro Nozaki 1, Erina Nakahara 1,
Kazumasa Fuwa 1, Hiroshi Yagasaki 1, Hitoshi Kanno 2, Ichiro Morioka 1
* These authors contributed equally
Department of Pediatrics and Child Health, Nihon University School of Medicine, Tokyo, Japan
Department of Transfusion Medicine and Cell Processing, Tokyo Women's Medical University, Tokyo, Japan
1

2

SUMMARY
Background: Preterm infants sometimes have transient late-onset hemolytic jaundice; however, the etiology has
yet to be determined.
Case presentation: In our case, fetal hemoglobin (HbF) level increased significantly to 100% at 23 days of age. Levels of methemoglobin and carboxyhemoglobin also increased to 2.9% and 3.5%, respectively, following the elevated HbF level. At 26 days, hemolytic jaundice developed. No abnormality of red blood cell membranes and enzyme
activities was found.
Conclusions: The etiology of late-onset hemolytic jaundice in preterm infants may associate with an impaired
switching from HbF to adult hemoglobin (HbA) or reverse switching from HbA to HbF.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190625)
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INTRODUCTION
The causes of hemolytic jaundice in the neonatal period
include hereditary spherocytosis, glucose-6-phosphate
dehydrogenase deficiency, hemoglobinopathy, blood
group mismatch, drugs (i.e., nitrobenzene, vitamin K),
infection, hypersplenism, and unknown etiology [1-3].
It has been reported that extremely and very low birth
weight infants have transient late-onset hemolytic jaundice with unknown etiology [4-6]. This disease is characterized by decreased arterial oxygen saturation (SpO2)
on pulse oximetry that cannot be attributed to a respiratory condition, and the hemoglobin-related analyses
show an increase in methemoglobin (MetHb) level and
a secondary increase in carboxyhemoglobin (COHb),
with a negative direct Coombs test [5]. May-Grunwald
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both negative. May-Grunwald Giemsa staining revealed
that there were no disrupted red blood cells or spherical
RBCs, but new methylene staining revealed 62% Heinz
bodies (Figure 2A). Based on these results, we considered that the jaundice was possibly associated with nonimmune hemolytic jaundice. Phototherapy was started
from 26 days of age, but UB was further elevated in the
evening of that same day (1.14 µg/dL). Phototherapy
was intensified, and exchange blood transfusion (ET)
and red blood cell (RBC) transfusion were performed.
The levels of TB and UB rapidly decreased, and phototherapy was stopped at 29 days of age. TB level stabilized after ET, and there was no recurrence of hemolytic
crisis (Figure 1). Both auditory brainstem response and
head magnetic resonance imaging (MRI) at 40 weeks of
corrected gestational age were normal.
No findings of chronic bilirubin encephalopathy were
found on head MRI at 11 months of corrected age. At 1
year and 5 months of corrected age, athetosis was not
observed, and his overall developmental quotient was
73 (Postural-motor area: 97, Cognitive-adaptive area:
63, Language-social area: 97), which was evaluated using the Kyoto Scale of Psychological Development
score.

Giemsa staining shows Heinz bodies [4]. The exact
cause of this disease has yet to be determined [4-6].
We encountered a characteristic change in fetal hemoglobin (HbF) level in an extremely low birth weight
(ELBW) infant with transient late-onset hemolytic jaundice. HbF to adult hemoglobin (HbA) switching in preterm infants has been reported to be affected by gestational age [7]. HbF level is typically about 70 - 80% at a
gestational age or corrected age of 27 weeks [8]. In this
case, HbF level was high at 80 to 90% at birth, and further increased to 100% prior to the hemolytic crisis.
Here we describe this unusual case of late-onset hemolytic jaundice, preceded by high HbF level in an ELBW
infant.
CASE REPORT
The patient was a male infant born via emergency cesarean section at 24 weeks 4 days of gestation (birth
weight 671 g [appropriate-for-gestational age], Apgar
score 1 and 4 at 1 and 5 minutes, respectively) from a
31-year-old woman (gravida 2, para 1). The mother’s
blood type was type O Rh-positive, and she was negative for irregular antibodies. There was no known family history of blood disorders. She was hospitalized for
complete rupture of membranes at 24 weeks and 1 day
of gestations. At delivery, the infant was immediately
intubated for respiratory distress syndrome and was admitted to the neonatal intensive care unit. Management
was instituted as per routine care for ELBW infants
with regard to respiration, circulation, and nutrition. For
jaundice, phototherapy was performed from 1 to 5 days
of age, after which total bilirubin (TB) remained at
about 5 mg/dL, and hemoglobin was maintained
through the acute phase at about 13 - 14 g/dL without
blood transfusion. HbF level was around 80% after birth
and rose to 90% from 10 days of age. Pulse SpO2 decreased and inspired oxygen fraction was beginning at
19 days of age. Vital signs and basic parameters were
normal including body weight 744 g, heart rate 140 150 bpm/min, blood pressure 50/28 mmHg, and urine
volume 2.2 g/kg/h; no abnormal physical findings were
noted. Chest radiographs raised suspicion of bronchopulmonary dysplasia but with no exacerbation and no
cardiac enlargement. Therefore, no findings suggesting
late circulatory collapse were seen. The hemoglobin-related parameters, such as MetHb, COHb, and HbF, were
performed by a blood gas analysis (ABL800 FLEX, Radiometer, Brønshøj, Denmark). MetHb increased at 22
days of age, and HbF significantly increased to 100% at
23 days of age. Subsequently, COHb rose and Hb
dropped sharply at 25 days of age. Laboratory examination at 26 days of age showed TB 14.8 mg/dL, Hb 11.7
g/dL, reticulocyte count 63‰, albumin 3.4 g/dL, and
unbound bilirubin (UB) 1.08 µg/dL, which was measured by UB analyzer (UA-2, Arrows, Co, Ltd., Osaka,
Japan). There was no maternal-fetal blood type incompatibility, and the direct and indirect Coombs tests were

RBC enzyme activity tests and RBC membrane
analysis
RBC enzyme activity test and RBC membrane analysis
were performed for this case at 149 days of age (3
months after ET). RBC enzyme activity was measured
using hemolysate from the isolated RBC fraction, which
was filtered through microcrystalline cellulose pellets.
The 2 cuvettes, which contained a mixture of 4 reagents
(tris-HCL EDTA buffer, MgCL2, NADP, and hemolysate) including water with or without substrate, were
scanned at a wavelength of 340 nm. Enzymatic activity
in the hemolysate was determined from the initial rate
of change of substrate accumulation [9]. The reduced
glutathione assay is typically performed via a quantitative reduction reaction by adding 5,5'-dithiobis (2-nitrobenzoic acid) to a compound that has a sulfhydryl
group, and the resulting yellow color is detected as absorption at 412 nm [10]. Eosin-5-maleimide (EMA)
binding test is a form of flow cytometry generally used
to detect RBC membrane defects, such as hereditary
spherocytosis. EMA is a fluorescent dye that incorporates into RBC transmembrane proteins and binds to the
Lys430 residue in the extracellular loop of band 3.
EMA detects decreases in the number of band 3 molecules per RBC as the RBC surface area decreases in hereditary spherocytosis [11]. The EMA binding test revealed no decrease in RBC enzyme activity. No abnormality of RBC membranes and enzyme activities was
found in this case (Figure 2B). Finally, this case was diagnosed with unexplained late-onset hemolytic jaundice.
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Figure 1. Clinical course.
Phototherapy was started beginning at 26 days of age, but unbound bilirubin (UB) was further elevated in the evening of the same day (1.14
µg/dL). Intensified phototherapy was then performed, with exchange blood transfusion and red blood cell (RBC) transfusion. Total bilirubin
(TB) and UB levels rapidly reduced, and phototherapy was stopped at 29 days of age.

sis. In this case, we measured HbF levels by blood gas
analysis using the ABL800 FLEX blood gas analyzer. It
has been reported that the accuracy of HbF levels measured by blood gas analysis with the ABL 800FLEX is
similar to that of HPLC when HbF level was more than
20%. In our case, HbF level was always more than
20%; therefore, we considered that there were few errors in HbF measured by the ABL800 FLEX. Also,
Kondo et al. reported the correlation between HbF levels measured with the ABL700 FLEX, with same principle as ABL800 FLEX, and those measured with
HPLC. The correlation coefficient is satisfied when
SpO2 is more than 90%, although HbF level is definitely
low at levels below 90% of SpO2. However, our case
showed high HbF levels despite low SpO2. Thus, we
concluded HbF level in our case was abnormally high.
In addition, increased HbF level preceded the increased
levels of MetHb and COHb. It is also likely that HbF
may have played a role in the pathogenesis of hemolytic
crisis in this disease. However, HbF levels were not
monitored in the long-term in other reported cases of
ELBW infants with this disease [5]. Further studies
should necessarily investigate long-term HbF levels in

DISCUSSION
Switching from HbF to HbA is dependent on gestational age rather than time of parturition [7]. In the early
stage of pregnancy, ε-globin is strongly expressed in the
primitive lineage of yolk sac-derived RBCs, and then
via the generation of enucleated blastodermal RBCs
from stem cells and progenitor cells in the fetal liver, εglobin becomes γ-globin. The γ-globin chain combines
with the adult α-globin chain to form a stable tetramer
to eventually form HbF. Conversion of γ-globin to βglobin takes place in erythroid progenitor cells, converting HbF to HbA [12]. Regarding this conversion, recent
studies have revealed the association of the transcriptional repressor BCL11A, which suppresses expression
of the fetal globin gene in adults [13]. In this case, HbF
tended to increase or not to decrease after birth, and so
we considered the possibility of impaired switching
from HbF to HbA or reverse switching from HbA to
HbF.
HbF levels can be measured by the Kleihauer-Betke
test, flow cytometry, high-performance liquid chromatography (HPLC), electrophoresis, and blood gas analyClin. Lab. 1+2/2020
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Figure 2A. May-Grunwald Giemsa staining and new methylene staining.
There were no disrupted RBCs or spherical RBCs, but new methylene staining revealed 62% of Heinz bodies at 26 days of age.

Figure 2B. RBC enzyme activity test and membrane analysis.
No decrease in RBC enzyme activity and no membrane abnormality was found at 149 days of age (3 months after exchange blood transfusion).

this disease.
As a limitation, in this case, there was no abnormality
noted in RBC enzyme activity testing and membrane
analysis, but the tests were carried out during non-hemolytic crisis. It is necessary to consider the measurement of enzyme activity during the crisis in future
cases.
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CONCLUSION
An ELBW infant with late-onset hemolytic jaundice
preceded by high HbF level was reported. In some
cases, HbF may tend to increase and abnormally high
values may be seen as preceding symptoms. It is necessary to investigate the relationship between this disease
and HbF level in order to clarify the causes of this disease.
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