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Abstract

BACKGROUND

Both Gilbert's syndrome (GS) and hereditary spherocytosis (HS) are common
genetic disorders. However, comorbidity of GS with HS has always been
considered a rare phenomenon, and it can impede accurate diagnoses in the
presence of isolated unconjugated hyperbilirubinemia.

CASE SUMMARY

In a study on Levitt’s carbon monoxide (CO) breath test for the differential
diagnosis of isolated hyperbilirubinemia, we found six GS patients with HS in 6
mo. The patients, including five males and one female, aged 25-58 years, were
from four families and generally in good health. Their chronic fluctuating
jaundice and/or hyperbilirubinemia had been diagnosed as simple constitutional
jaundice for 6-30 years. Liver function tests showed isolated unconjugated
hyperbilirubinemia with serum total bilirubin ranging from 20.7-75.4 pmol/L.
Blood hemoglobin was normal in five cases, and slightly decreased in one (11.5
g/dL). Overt hemolytic signs were absent, while erythrocyte lifespan determined
by the newly developed Levitt's CO breath test was significantly short (15-50 d),
definitely demonstrating the presence of hemolysis. Given that their
unconjugated hyperbilirubinemia compared inappropriately with hemolytic
severity, as indicated by the hemoglobin level, further combined genetic tests for
both UGT1A1 and hereditary erythrocyte deficiencies were conducted. These
tests confirmed, at last, the coexistence of GS with HS.

CONCLUSION

Comorbidity of GS and HS might not be uncommon in isolated unconjugated
hyperbilirubinemia. While CO breath test would sensitively detect the hemolysis,
the discordance between the hyperbilirubinemia and hemoglobin level could
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strongly indicate the coexistence of GS and HS.
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Core tip: The coexistence of Gilbert’s syndrome with a hemolytic disease can impede
diagnosis. Gilbert’s syndrome-hemolysis disease comorbidity should be suspected in
patients who present with isolated unconjugated hyperbilirubinemia when serum
bilirubin levels are discordant with hemoglobin levels, especially if there are even subtle
signs of possible hemolysis. Levitt’s CO breath test for erythrocyte lifespan
determination and broadly available genetic tests can be used for rapid diagnosis of these
conditions.

Citation: Kang LL, Liu ZL, Zhang HD. Gilbert’s syndrome coexisting with hereditary
spherocytosis might not be rare: Six case reports. World J Clin Cases 2020; 8(10): 2001-2008
URL: https://www.wjgnet.com/2307-8960/full/v8/i10/2001.htm
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INTRODUCTION

Gilbert’s syndrome (GS) and hereditary spherocytosis (HS) are hereditary disorders of
similar etiology, the presence of isolated unconjugated hyperbilirubinemia. The
pathogenesis of GS has been linked to a mutation in the gene that encodes UGT1A1,
the enzyme that conjugates bilirubin in hepatocytes!'’l. Thus, in GS, the ability of
hepatocytes to transport and conjugate serum bilirubin is impaired. Conversely, HS is
a hemolytic disease that is secondary to an erythrocyte (RBC) membrane abnormality
due to genetic mutations, most commonly for ANKI and Band 3 (SLC4AT)!".

Although the distinct pathogenesis of these two diseases make differential
diagnosis between them straightforward when each is present alone, hemolytic
disease comorbidity and compensatory mechanisms can obscure their diagnoses,
leading to missed and delayed diagnosis!“'"l. Here, we report six cases in which we
were able to diagnose comorbidity of GS and HS quickly based on the results of a
simple carbon monoxide (CO) breath test for RBC lifespan determination and broadly
available genetic tests.

CASE PRESENTATION

Chief complaints
Cases 1 and 2: A 30-year-old male marathon runner complained of chronic jaundice
for 4 years.

Case 3: A 33-year-old man presented to our gastroenterology clinic with chronic
jaundice on June 3, 2019.

Case 4: On 9 July 2019, a 35-year-old male hepatologist of our hospital presented to
our gastroenterology clinic seeking a CO breath test due to his chronic jaundice.

Cases 5 and 6: On 7 October 2019, a 25-year-old man complaining of dizziness and
pale for 3 wk was referred to our hematology department.

History of present illness

Cases 1 and 2: He was diagnosed with constitutional jaundice by another hospital in a
routine health medical examination 4 years ago and was told there was no need for
treatment. On March 20, 2019, he was referred to our department to explore the
pathogeny of his hyperbilirubinemia from the Center of Employment Medical
Examination of our hospital.

Case 3: The patient exhibited jaundice from childhood. He had undergone numerous
blood tests, but the cause of jaundice had not been identified.
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Case 4: The doctor exhibited since childhood fluctuating jaundice, which had always
been considered a constitutional jaundice by doctors, including himself.

Cases 5 and 6: The patient felt dizzy and unwell for 3 wk. He was told by his family
that he was a little pale. The patient denied fever and black stool.

History of past illness
Cases 1 and 2: The patient had a free previous medical history.

Case 3: He had a free previous medical history.

Case 4: Small, asymptomatic gallstones were reported by abdominal ultrasonography
in the past.

Cases 5 and 6: The patient was diagnosed with a “non-harmful jaundice and
splenomegaly” by his university clinic in 2013 and suffered from a lithic cholecystitis
in 2015.

Personal and family history
Cases 1 and 2: He did not smoke or drink a lot and denied any persistent jaundice in
his family history.

Case 3: The patient had always been in good health apart from jaundice. His parents
had passed away.

Case 4: He had no bad habits and denied any persistent jaundice in his family history.

Cases 5 and 6: There was no special discovery in his personal history. However,
family history revealed his father had mild jaundice.

Physical examination
Cases 1 and 2: A physical examination revealed only mild icterus of the sclera and a
seemly palpable spleen just below the left costal.

Case 3: A physical examination revealed only mild icterus of the sclera.
Case 4: Normal.

Cases 5 and 6: A physical examination revealed mild icterus of the sclera and a
palpable spleen at 1.0 cm below the left costal.

Laboratory examinations

Cases 1 and 2: A routine blood test showed a slightly increased reticulocyte ratio
(7.17 %) with normal hemoglobin (15.8 g/dL) and RBC indexes. A peripheral blood
smear was reported normal. Glucose-6-phosphate dehydrogenase activity of RBC was
normal, and the Coomb’s test was negative. Liver function tests revealed an isolated
unconjugated hyperbilirubinemia as indicated by an increased total bilirubin (56.6
pmol/L) and indirect bilirubin (46.7 pmol/L) with normal albumin, globin, and
hepatic enzymes (Table 1). The RBC lifespan determined by an automated Levitt's
breath CO test was 28 d, far below the average normal value of 120 d'2.

Case 3: Initial routine blood test was normal with hemoglobin 15.4 g/dL and
reticulocyte ratio of 2.55%. A peripheral blood smear was reported normal. Liver
function test indicated isolated unconjugated hyperbilirubinemia with serum total
bilirubin 75.3 pmol/L, direct bilirubin 9.3 tmol/L, and indirect bilirubin 66.0 pmol/L,
respectively. CO breath test showed an abnormally shortened RBC lifespan (50 d).

Case 4: The routine blood test on the day of the breath test was completely normal
with hemoglobin 12.3 g/dL and reticulocyte ratio 1.7%. Meanwhile, liver function test
revealed isolated unconjugated hyperbilirubinemia as his repeated past results, with
serum total bilirubin 25.7 pmol/L, direct bilirubin 8.5 pmol/L, and indirect bilirubin
17.2 pmol/ L. Surprisingly, his RBC lifespan measured by breath test was only 29 d.

Cases 5 and 6: Initial routine blood test showed a mild anemia (hemoglobin 11.6
g/dL) and significantly elevated reticulocyte ratio (10.45%). The peripheral blood
smear revealed easily seen spherocytes. Liver function test indicated isolated
unconjugated hyperbilirubinemia with total bilirubin 75.4 pmol/L and direct bilirubin
6.7 pmol/ L. His RBC lifespan measured by CO breath test was 13 d.

Imaging examinations
Cases 1 and 2: Abdominal ultrasonography revealed a slight splenomegaly.
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Table 1 Laboratory data at presentation (cases 1 and 2)

Variable Proband Father Mother
Age, yr 30.0 58.0 54.0
Hemoglobin, g/dL 15.8 14.5 13.9
Reticulocyte, % 7.17 2.03 3.82

Blood smear Spherocytes Spherocytes, acanthocytes Spherocytes
Total BIL, pmol/L 56.6 221 12.5

Direct BIL, pmol/L 9.9 3.4 2.6
Albumin/ globulin, g/L 48.7/24.0 51.2/22.7 483/23.7
ALT/AST, U/L 6.0/12.0 8.7/13.7 6.1/14.0
ALP/GGT, U/L 62.0/19.0 46.0/25.0 84.0/22.0
RBC lifespan, d 28 59 35

Genetic mutations

UGT1A1 c211G>A/- c211G>A/- -/-

ANKI c1801-17G>A /- c925A>G/- ¢ 1801-17G>A /-

BIL: Bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase;
GGT: y-glutamyl transpeptidase; RBC: Erythrocyte.

Case 3: Abdominal ultrasonography was normal.
Case 4: Abdominal ultrasonography reported normal without gallstone.

Cases 5 and 6: Abdominal ultrasonography displayed an 8 mm x 4 mm gallstone and
mild splenomegaly (199 mm x 73 mm).

Further diagnostic work-up

Cases 1 and 2: Given the patient’s increased reticulocyte ratio and a significantly short
RBC lifespan, we suspected that his jaundice was consequent to a hemolytic disease,
despite there being no signs of anemia. However, his hyperbilirubinemia was
inconsistent with the level of hemoglobin in a simple hemolytic disease, with the
potential exception of GS. Thus, an oral phenobarbital test (40 mg/t.i.d. for 1 wk) and
genetic test for GS were carried out. Serum total bilirubin did not decrease after
phenobarbital induction for 1 wk, while the GS genetic test was positive (Table 1).

Because long-distance runners are known to exhibit relatively short RBC lifespans
related to sports hemolysis!'”, the patient was required to stop running or engaging in
other strenuous exercise for 1 mo. The RBC lifespan re-test showed a still shortened
RBC lifespan (32 d). Subsequently, a hematologist (Dr. Ze-Lin Liu, MD), whom we
consulted, examined the patient’s peripheral blood smear and found a small number
of small-bodied globular shaped RBCs with hyperchromia, suggesting that there
might be HS (Figure 1).

To clarify the diagnosis, the patient’s parents also were evaluated. As shown in
Table 1, his father (case 2) had mild isolated unconjugated hyperbilirubinemia with
serum total bilirubin 22.1 pmol/L and indirect bilirubin 18.7 pmol/L, a significant
shortened RBC lifespan, and a few spherocytes and easily seen acanthocytes, whereas
his mother had a slightly high reticulocyte ratio, a few spherocytes, and a significantly
shortened RBC lifespan with a completely normal liver function test. Next generation
genetic sequence analysis showed that the patient was heterozygous for both the
UGT1A1 c.211G>A (a.k.a. UGT1A1*6) mutation, which he shared with his father, and
the ANK1 ¢.1801-17G>A mutation, which he shared with his mother. Surprisingly,
another ANKI locus mutation (c.925A>G) was found to be present only in his father.
Finally, both the patient and his father were diagnosed with comorbidity of GS and
HS, while his mother was diagnosed as HS.

Case 3: This case reminded us of case 1 and case 2, so the same hematologist was
invited to review the peripheral blood smear. A small number of spherocytes was
identified. The patient’s genotypes were as follows: Homozygous mutation for
UGTI1A1 ¢.-3279 T>G (a.k.a. UGT1A1*60) and TATA box [A(TA)7TAA] (a.k.a.
UGT1A1*28) combined with heterozygous mutation for the ANK1 c.694G>A, which is
consistent with comorbidity of GS and HS.

Case 4: The same hematologist was invited once more to view the peripheral blood
smear, and a few atypical spherocytes were found. Next, the genetic tests revealed,
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Figure 1 Peripheral blood smear (x 1000). Few spherocytic red cells (orange arrow) appear in the proband and his parents. Additionally, acanthocytes (blue arrow)
are easily seen in the father, whose hereditary spherocytosis genetic mutation (ANK1 ¢.925A>G) is different from the proband (ANK1 ¢.1801-17G>A) and the mother

(ANK1 c.1801-17G>A).

not surprisingly, heterozygous mutations both for UGT1A1 (UGT1A1*60/-;
UGT1A1*28/-) and SLC4A1 (c.31C>A).

Cases 5 and 6: A diagnosis of HS was soon made based on the typical clinical features.
Because of the patient’s inappropriately high serum bilirubin level in comparison
with the degree of hemolysis, a coexisting GS was highly suspected by the
hematologists who had already encountered four such cases. Genetic analysis
confirmed the speculation, with heterozygous mutations for both UGT1A1*6 and
SLC4A1 (c.14A>T) identified.

The patient’s parents kindly accepted our invitation to be evaluated. The results
showed that his mother (case 6) was also comorbid for GS and HS, while his father
was a GS patient. The results of the mother’s main laboratory tests were as follows:
Hemoglobin 13.3 g/dL, reticulocyte ratio 1.9%, typical spherocytes on the peripheral
blood smear, a 28-d RBC lifespan, and an isolated unconjugated hyperbilirubinemia
(total bilirubin 20.7 pmol/L, direct bilirubin 7.0 pumol/L). She had identical genetic
mutations to her son. His father had UGT1A1*6/UGT1A1*6 mutation and was
characterized by mild isolated unconjugated hyperbilirubinemia (total bilirubin 23.6
pmol/L, direct bilirubin 7.8 pmol/L).

FINAL DIAGNOSIS

GS coexisting with HS was confirmed in all six patients with isolated unconjugated
hyperbilirubima after genetic analysis, and this was the final diagnosis.

TREATMENT

No further treatment was given after diagnosis, but an annual routine health medical
examination was recommended. The exception was case 5, who was suggested to
have gallbladder-preserving colecystolithotomy and splenectomy in order to treat and
prevent the gallstones. He was informed that splenectomy might not completely
alleviate his hyperbilirubinemia owing to GS. The patient, however, refused our
advice.

OUTCOME AND FOLLOW-UP

All six patients were in general good health during the follow-up period of 6 mo to 1
year.

DISCUSSION

Previously, GS combined with HS was considered to be rare, because only single
cases had been reported. Indeed, from the individual prevalence rates (GS,
approximately 2% to 20%; HS, 1 per 2000 persons), the calculated rate of coexistence
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of GS and HS is low (10 to 100 per million births). However, we confirmed six cases in
just half a year, strongly indicating that this phenomenon might not be uncommon in
a specific subset of population like isolated hyperbilirubinemia, which mainly
includes GS and chronic hemolysis. Perhaps a number of cases were missed because
of alack of awareness and available techniques.

In the present cases, all patients had been presumed previously to have
constitutional jaundice without further investigation because they were not anemic
and did not exhibit signs of abnormal liver function. There were subtle signs of
hemolysis that were not attended to, especially in case 1 and case 5, where they had
significantly elevated reticulocyte ratio and splenomegaly. Although the other four
patients did not show overt signs of hemolysis, a few RBCs were later shown to have
a spheroid morphology, and this sign had been missed previously. Fortunately,
hemolysis was demonstrated in all six cases by the CO breath test results, which
showed markedly shortened RBC lifespans.

GS is characterized by mild to moderate, chronic unconjugated hyperbilirubinemia
in the absence of overt hemolysis or structural liver diseasel'). The reported
prevalence is as high as approximately 2% to 20%"l. Patients with GS typically present
when isolated hyperbilirubinemia is detected as an incidental finding on routine
multiphasic biochemical screening, and clinical jaundice is uncommon. Except for the
finding of icterus or jaundice, patients are usually asymptomatic. Jaundice often
worsens in response to fasting, stress, dehydration, menstruation, or overexertion!”'.
Family history is often positive. Low calorie intake test and phenobarbital stimulation
test were the common diagnostic tests used in the past, and they have been gradually
replaced by simple and reliable detection of UGT1A1 gene mutation!'*'"l. Although GS
has generally been thought to be an entirely benign condition with no necessary
treatment, persons with this disorder may be at increased risk for gallstones and for
the toxicity of selected drugs like irinotecan that require glucuronidation for metabolic
disposall'™1.

HS is a common congenital hemolytic disease. Its etiology involves intrinsic
abnormalities of RBC membrane proteins that alter RBC morphology, resulting in
spheroid, rather than disc-shaped RBCs, which are thus less deformable than normal
RBCs and more vulnerable to splenic sequestration and destruction. Typically,
patients with HS have icterus, anemia, and splenomegaly due to chronic hemolysis.
Most patients diagnosed with HS have a positive family history. The most common
complication of HS is the formation of bilirubinate gallstones, which occurs in about
half of HS-diagnosed patients. A substantial number of spherocytes in peripheral
blood smears is a key diagnostic indicator of HS. Splenectomy can be performed to
alleviate anemia and prevent gallstone formation. Genetic mutations that affect RBC
membrane proteins [e.g., ANKSs, spectrins, band 3, and/or (rarely) protein 4.2] cause
HS. The clinical presentation and severity of HS symptoms are highly variable across
patients depending upon which of these mutations, and how many of them, are
present. HS diagnoses may be missed in mild cases due to there being few
spherocytes in peripheral blood smears. Furthermore, in patients with well-
compensated hemolysis, signs of HS may only be detected when complications occur.
Currently, a definitive diagnosis of HS requires RBC membrane protein
electrophoresis or genetic testing®*"*l.

Although GS and HS can both present as isolated unconjugated hyper-
bilirubinemia, they can be distinguished because the former is caused by decreased
conjugation in hepatocytes. In contrast, the latter is the result of hemolysis. Patients
with both diseases, however, may remain undiagnosed for long periods despite the
presence of chronic jaundice. GS has been suspected in some patients already
diagnosed with HS because of high serum bilirubin levels in the absence of
pronounced anemial®’l. In other cases, poor responses to hemolytic therapies, such as
persistent hyperbilirubinemia after splenectomy or ineffective phototherapy for
neonatal jaundice, have provided important diagnostic clues!*”. Some patients with
GS are examined for comorbidity of hemolytic disease (including HS) based on an
elevated reticulocyte ratio, low hemoglobin, or splenomegaly!'*''l. However, a few
perceptive doctors suspected the coexistence of GS and HS when they encountered an
isolated hyperbilirubinemia with hemolytic signs by carefully evaluating
inappropriately elevated bilirubin level compared with the degree of hemoglobin*’l.

An abnormally short RBC lifespan is a defining characteristic of hemolysis.
However, standard RBC lifespan measurement techniques (e.g., isotope or biotin
labeling quantitation) are not amenable to routine clinical practice because they are
cumbersome and time-consuming!*-*1. Based on hemoglobin degradation dynamics,
Levitt and colleagues”*! developed a simple and accurate CO breath test method for
determining RBC lifespan, which was subsequently adapted to an automated
instrument that can report RBC lifespan within 15 min[?. Thus, attending to the clues
of a high serum bilirubin level without an abnormal hemoglobin level, we
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administered the aforementioned automated CO breath test to confirm the diagnoses
of our patients.

CONCLUSION

Comorbidity of GS and HS might not be uncommon, particular in patients with
isolated unconjugated hyperbilirubinemia. Clinicians should be vigilant to test for
hemolysis disease comorbidity in patients with GS who exhibit isolated unconjugated
hyperbilirubinemia with even subtle signs of possible hemolysis. While the simple
and rapid Levitt’s CO breath test could be used as a reliable tool for detecting
hemolysis, the discordance between the significant unconjugated hyperbilirubinemia
and the less severity of hemolysis seems to be a valuable clue to the coexistence.
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