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To the Editor,
Sickle cell trait (SCT) is a heterozygous form of sickle cell dis-
ease (SCD) and occurs from a genetic mutation in one of two 
copies of the beta-globin gene, where valine replaces glutamic 
acid (HbS) [1]. The prevalence of SCT is around 5% in people 
of African ancestry in the United States [2]. Most individuals 
with SCT remain asymptomatic; complications typically occur 
only under extreme physiological stress, such as high altitude or 
dehydration [3]. Organ damage is rare, although the presence of 
SCT has been associated with chronic kidney disease (CKD) and 
venous thromboembolism (VTE) [3, 4]. Recent literature [2] at-
tributes coinheritance of other red cell disorders as a risk factor 
for severe organ damage in individuals with SCT [5].

Hereditary spherocytosis (HS) is a red blood cell (RBC) mem-
branopathy due to a mutation in cytoskeletal proteins, lending 
RBCs a spherical shape, leading to increased RBC fragility and 
hemolysis [6]. While individuals with HS and SCT alone have 
a typically mild clinical course, the coinheritance of these two 
conditions can result in severe clinical sequalae [7]. Prior liter-
ature on HS and SCT coinheritance demonstrates splenic se-
questration or infarct as a typical complication in association 
with stressors, but there are no cases that describe extra-splenic 
manifestations [7–9]. Herein, we present a case of a 54-year-old 
female with SCT, HS, and a heterozygous G6PD A-pathogenic 
variant who presented with avascular necrosis (AVN) and pro-
liferative retinopathy.

A 54-year-old woman of African ancestry with known SCT pre-
sented to our hematology office at the University of Cincinnati 
Medical Center after X-rays for right knee pain workup indi-
cated medial femoral condyle subchondral lucency with increas-
ing peripheral sclerosis, suggesting AVN. She had thigh and 
knee pain, fatigue, body aches, and left-sided abdominal pain 
following air travel and exercise. Labs revealed normal hemo-
globin with evidence of chronic hemolysis (see Table 1). A CT 
scan completed 1 year prior showed normal spleen size. MRI of 
the right knee confirmed AVN in the lateral and medial femoral 
condyles.

The usual causes of AVN were investigated. She denied pro-
longed steroid exposure, a history of thrombosis, or connective 
tissue disorders. Serum protein electrophoresis and hypercoagu-
lability workup were negative (see Table 1). She had mildly pos-
itive anticardiolipin antibodies which did not meet the Sapporo 
criteria of antiphospholipid syndrome (APS) [10].

Hemoglobin electrophoresis and subsequent beta-globin gene 
testing confirmed SCT [HBB c.20A>T, p.(Glu7Val)]. The incon-
gruence between clinical symptoms and the SCT status led to 
testing for coinheritance of other RBC disorders. Briefly, he-
moglobin-O2 affinity (p50) and viscosity testing were normal. 
G6PD level was found to be slightly lower than normal at 76%, 
compatible with heterozygous G6PD deficiency in a female (see 
Table 1).
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TABLE 1    |    Laboratory and hematological workup completed for the individual with SC and HS.

Hemolysis laboratory results

Test Pretreatment Post-treatment Reference ranges

Hemoglobin (g/dL) 13.1 12.3 11.7–15.5

Hematocrit (%) 37.1 34.3 35.0%–45.0%

MCHC (g/dL) 35.3 32.9–36.0

Haptoglobin (mg/dL) < 30 — 44–215

LDH (U/L) 245 — 110–270

Total bilirubin (mg/dL) 1.5 1.3 0.0–1.5

Indirect bilirubin (mg/dL) 1.19 1.2 0.0–1.1

Reticulocyte count (%) 5.24 3.61 (June 2025) 0.5–2.0

Reticulocyte absolute (/UL) 220 604 149 815 (June 2025) 20 000–80 000

Immature reticulocyte fraction 0.49 0.44 (June 2025) 0.90–0.56

Hypercoagulability tests

Test Result Follow up Reference ranges

Lupus anticoagulant Possible low titer No titer No titer

Anticardiolipin IgA U/mL < 9 < 9 0–11 APL

Anticardiolipin IgM U/mL 14 < 9 0–12 MPL

Anticardiolipin IgG U/mL 26 13 0–14 GPL U/mL

Anti-beta2 glycoprotein 1 IgA units < 9 — 0–25 GPI IgA

Anti-beta2 glycoprotein 1 IgM units < 9 — 0–32 GPI IgM

Anti-beta2 glycoprotein 1 IgG units < 9 — 0–20 GPI IgG

Protein C activity (%) 89 — 70–130

Protein S activity (%) 82 — 55%–123%

PNH No PNH clone — —

JAK2 V617 mutation Not detected. — —

SPEP Normal pattern with no monoclonal spike. —

Hemoglobin electrophoresis

Test Initial Posttreatment Reference ranges

Hb A (%) 51.6 72.7 96.0–99.0

Hb A2 quant (%) 2.9 2.9 0.0–3.5

Hb F (%) 0.5 — 0.0–2.0

Hb S (%) 40.5 24.4 0.0–0.0

Other hematologic labs

Test Result Reference ranges

G6PD activity (U/g Hb) 7.6 8.0–11.9

Glucose phosphate isomerase B (U/g) 54.8 40.0–58.0

Hexokinase, B (U/g Hb) 2.0 0.7–1.7

PK level (U/g Hb) 11.8 5.5–12.4

P50 mm of Hg 24.25 22.54–28.15

Abbreviations: G6PD, glucose-6-phosphate dehydrogenase; LDH, lactate dehydrogenase; MCHC, mean corpuscular hemoglobin concentration; PK, pyruvate kinase; 
PNH, paroxysmal nocturnal hemoglobinuria; P50, partial pressure of oxygen at which hemoglobin is 50% saturated; SPEP, serum protein electrophoresis.
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Osmotic gradient ektacytometry testing revealed a curve com-
patible with mild hereditary spherocytosis (Figure  1). Oxygen 
gradient ektacytometry, which measures RBC deformability over 
a descending and then ascending oxygen pressure gradient [11], 
showed that her red blood cells start sickling at an O2 pressure 
atypical for individuals with isolated SCT. The Point-of-Sickling 
(PoS), where HbS polymerization is accelerated, defined as the 
pO2 where the deformability (as shown by the elongation index) 
is 95% of its maximum value, was lower than the values seen in 
almost all patients with sickle cell anemia, even when they have 
fetal hemoglobin levels higher than 35% [11]. Therefore, whole-
exome sequencing was performed (see supplemental methods) 
and analyzed, revealing a pathogenic SLC4A variant (c.1030C>T, 
p.Arg344*) causing HS (see Figure S1), and a heterozygous mu-
tation in her G6PD gene (A-Matera haplotype) [12], explaining 
her mildly low G6PD activity.

During follow-up, the patient developed worsening vision with 
features like SCD-related retinopathy. Diabetic and hyperten-
sive pathologies were excluded. Given the deteriorating clinical 
presentation, we discussed treatment options of hydroxyurea 

(HU), red blood cell (RBC) exchanges, and splenectomy, given 
their use in SCD and HS.

The patient favored RBC exchanges due to concerns about sur-
gery and medication side effects. Given the lack of robust data in 
ameliorating retinopathy and logistic concerns, this was further 
modified to simple transfusions after phlebotomy. At the time of 
this correspondence, she has completed six treatments, reducing 
her HbS from 41% to 28%, with marked improvement in her fa-
tigue and knee pain (see Table 1). A longer-term follow-up will 
be needed to record improvement in retinopathy.

Our patient had clinical features atypical of SCT alone, includ-
ing chronic hemolysis, AVN, and proliferative retinopathy. 
These complications are typical of SCD and its variant forms, 
such as HbSC disease. Notably, chronic hemolysis is not a rec-
ognized feature of isolated SCT [1], and this prompted evalu-
ation for coexisting intrinsic RBC disorders. Our workup led 
to the diagnosis of coinherited hereditary spherocytosis (HS), 
explaining her chronic compensated hemolysis and clinical 
presentation. Additionally, our patient had slightly low levels 

FIGURE 1    |    RBC phenotype analysis: (A) osmotic gradient ektacytometry of the patient's sample processed along a normal control revealed a 
curve compatible with HS, with increased Omin (indicating decreased RBC surface-to-volume ratio causing increased osmotic fragility), borderline 
low EI max (that corresponds to the maximum deformability of the RBC) and decreased Ohyp (indicating increased intracellular red cell viscos-
ity). (B) Peripheral blood smear reveals mild polychromasia, many spherocytes, and occasional mushroom-shaped RBCs (arrow) compatible with 
SLC4A1-associated HS. (C) Oxygen gradient ektacytometry of the patient's RBCs against a normal control sample and a representative curve from 
an individual with SCT. The RBC suspension is subjected to one cycle of deoxygenation followed by reoxygenation. EI (Elongation index) is plotted 
against the partial pressure of oxygen (pO2). EImax is the maximum EI measured at full oxygenation (pO2 100–150 mmHg). EImin is the minimum EI 
measured at the lowest oxygen saturation (pO2 < 20 mmHg) and represents RBC deformability in post-capillary venules.
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of G6PD. As G6PD levels above 60% rarely result in hemolysis, 
it is unlikely that this was a major determinant in her clinical 
phenotype [12].

Approximately 18 cases have described people with both HS 
and SCT [7, 8], usually presenting with splenic sequestration. 
Our patient's history of left upper quadrant pain after air travel 
aligns with these reports. However, she also had AVN and 
proliferative retinopathy. Our case suggests that extra splenic 
complications can occur in individuals with SCT and HS. These 
complications, hitherto, may not have been reported due to a 
lack of screening or attribution to other causes when identified. 
Mechanistically, coinheritance of SCT and HS creates a unique 
red cell pathophysiology similar to what is observed in HbSC 
disease. In the presence of SCT, increased intracellular viscosity 
due to HS potentiates HbS polymerization and sickling [13, 14], 
increasing the risk for ischemia and microvascular occlusions, 
possibly leading to AVN and retinopathy. In the spleen, due to 
its relatively hypoxic and acidic environment [15], this results in 
infarcts and even auto-splenectomy.

Data are scarce regarding the management of HS and SCT coinher-
itance, especially with extra-splenic complications. Splenectomy 
has been performed for patients with HS and SCT coinheritance 
to address splenomegaly and infarct-related pain [7–9]. This ap-
proach addresses splenic complications, but its effects on com-
plications like AVN or retinopathy are not elucidated. Given the 
lack of evidence-based treatments in those with SCT and HS coin-
heritance, we proposed three treatment options: splenectomy, hy-
droxyurea (HU), and RBC exchange transfusions.

In HS, splenectomy decreases anemia, red cell intracellular vis-
cosity, and extravascular hemolysis [11]. Therefore, we reasoned 
a splenectomy could decrease HbS polymerization in her RBCs. 
However, splenectomy is also associated with increased whole 
blood viscosity due to the persistence of spherocytes, which may 
impair microvascular perfusion, increasing the risk of throm-
bosis [16].

Hydroxyurea (HU) is used for disease modification in SCD 
[17]. We reasoned that decreasing HbS and increasing fetal he-
moglobin content may protect her from further complications, 
though environmental stressors could still precipitate sickling. 
Finally, we reasoned that manual RBC exchange transfusions, 
also used for disease modification in SCD, would replace the 
patient's RBCs with healthy donor cells, reducing the effects 
of membranopathy and hemoglobinopathy to improve oxygen 
delivery, reduce sickling, and hemolysis [18, 19]. At the time of 
writing, the patient had completed six sessions of simple RBC 
exchanges and endorses improvement in symptoms of fatigue 
and knee pain.

In conclusion, we describe a case of an individual with con-
comitant HS and SCT, their clinical presentation, and manage-
ment options. This case highlights the need for an alternative 
diagnosis and expanded workup when the clinical presentation 
does not match a patient's reported genotype. Through a series 
of laboratory investigations, we ultimately diagnosed her with 
HbSC-like disease and offered her treatment, underscoring the 
importance of taking a thorough clinical history by listening 
to the patient's concerns and pursuing additional laboratory 

studies when the clinical picture does not align with the pa-
tient's presenting symptoms.
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