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Abstract

Numerous hemoglobin (Hb) gene mutations have been identified,
leading to a spectrum of phenotypes ranging from asymptomatic car-
rier states to complicated hemolytic anemias. We report a rare case of
asymptomatic hypoxemia in a father and his teenage daughter both of
whom were found to be carriers of Hb gene variant Zara. Workup for
alternative cardiovascular causes of hypoxemia was unremarkable.
Further sequencing of the alpha globin locus showed both individuals
to be heterozygous for the Hb Zara ¢.274C>A (p.Leu92lle) variant of
unknown significance in the alpha2-globin gene. This is the first doc-
umented association of this Hb variant with familial asymptomatic
hypoxemia, highlighting the importance of evaluating for hemoglobi-
nopathies in patients with reduced oxygen saturation.
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Introduction

Among all hemoglobinopathies, sickle cell disease and thalas-
semias are the most prevalent. However, numerous additional
hemoglobin (Hb) genetic variants have been described, lead-
ing to a spectrum of phenotypes with varying clinical signifi-
cance [1, 2]. The globin genes, located on chromosomes 16
and 11, encode the protein components of Hb that facilitate
conformational changes allowing for cooperative oxygen
binding to their iron-containing heme molecules [3]. Certain
Hb variants within these loci are associated with higher oxy-
gen affinity that may also be associated with erythrocytosis.
Other variants are associated with low oxygen affinity states,
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which may be associated with clinically significant anemia
due to chemical instability regarding the structure of those Hb
variants [4].

In this report, we identified a Hb variant that presented
in a familial pattern. Hb Zara is a documented variant (Hu-
man Genome Variation Society (HGVS) nomenclature:
HBA2:¢c.274C>A), first described in an adult with normal he-
matologic parameters, which results from a missense mutation
(CTT > ATT) at codon 91 in the HBA2 gene [5, 6]. Here we
provide the first description of Hb Zara leading to asympto-
matic hypoxemia in a father and his daughter.

Case Report
Investigations

A White Croatian male in his 30s was referred in January 2021
for hematologic evaluation of chronically reduced oxygen
saturation in the range of 90-93% since childhood. He denied
dyspnea with exertion or any other respiratory symptoms.
Other than reduced oxygen saturation, findings on physical
examination were unremarkable. He noted that his teenage
daughter was being evaluated for similar findings with unclear
etiology. He had no history of respiratory infections. He took
no medications and never smoked. He worked in construction
and denied toxic exposures and reported no family history of
cardiovascular disease. Pulmonary studies revealed a normal
arterial oxygen level and normal chest imaging. Both daytime
and nighttime hypoxemia was noted on a sleep study. Elec-
trocardiography findings were normal, and echocardiogram
identified an uncomplicated bicuspid aortic valve with normal
ejection fraction. Initial hematologic evaluation showed a bor-
derline reduced Hb and red blood cell count (Table 1), with
normal metabolic function, including serum lactate. Further
evaluation included capillary zone electrophoresis (Capillarys
2 Flexing Piercing, Sebia Lisses, France), which showed in-
creased variant Hb (Table 1, Fig. 1a).

Diagnosis

To better resolve the variant Hb on capillary zone electropho-
resis (Fig. 2a) [7], cation-exchange high-performance liquid
chromatography (HPLC) (Trinity Ultra2 HPLC, Trinity Bio-
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Table 1. Pertinent Laboratory Findings in the Father and Daughter Described in This Case

Platelet count (x 103/uL)

314 (150 - 400)

Father (age 36)* Daughter (age 14)*
Complete blood count
White blood cell count (x 103/uL) 5.0(4.2-9.1) 6.0 (4.5-13)
Red blood cell count ((x 109/uL) 4.5(4.6-6.0) 3.63(3.8-5.1)
Hemoglobin (g/dL) 12.8 (13.7 - 17.5) 10.9 (11.5-15.3)
Hematocrit (%) 41.2(40-51) 32.8 (34 - 46)
Mean corpuscular volume (fL) 91.6 (79 - 92) 90.4 (78 - 98)

219 (140 - 400)

Hemoglobin HPLC
Hemoglobin A (%) 80.7 (> 96) 80.6 (> 96)
Hemoglobin A2 (%) 2.3(1.8-3.5) 2.4 (1.8-3.5)
Hemoglobin F (%) 0.0 (<2.0) 0.0 (<2.0)
Hemoglobin variant (%) 17 (0) 17 (0)

aNormal ranges are shown in parentheses. HPLC: high-performance liquid chromatography.

tech, Wicklow, Ireland) (Fig. 1b) and alpha globin mutation
testing were performed (Fig. 2). For alpha gene sequencing,
the entire alphal and alpha2 globin genes were amplified sepa-
rately by polymerase chain reaction, using gene specific prim-
ers. Dye terminator cycle sequencing was performed with six
primers common to the alpha globin genes. The products of
the sequencing reactions were then analyzed by capillary elec-
trophoresis in an ABI 3730 Genetic Analyzer (SeqGen Inc.,
Torrance CA). The sequence data were analyzed using the ABI
SeqScape™ program, v2.0 or higher (Applied Biosystems™,
Waltham MA).

The patient was found to be heterozygous for the Hb Zara
¢.274C>A (p.Leu92lle) variant in the HBA2 gene (Fig. 2b).
Since his daughter had similar clinical findings and was ane-
mic, we obtained consent to test her as well (Table 1). She was
also found to have reduced HbA (80.6%) and increased variant
Hb (17%) (Table 1), with identical pattern on electrophore-
sis (Fig. 1) and sequencing (Fig. 2) [7]. Both the father and
his daughter did not have evidence of other causes of anemia
such as nutritional deficiencies or red blood cell hemolysis,
including normal lactate dehydration, haptoglobin, and total
bilirubin. Hemoglobin P50 was calculated indirectly from
arterial blood gas using the Doyle equation: P50" = (PaO,"/
Sa0,) - PaO,", where n = 2.711 derived from the Hill equation,
assuming a normal P50 of 26.6 mm Hg [8]. For the father, this
was calculated to be increased 38.5 mm Hg (PaO, 100%, SaO,
93%), suggesting a right-shift associated with reduced hemo-
globin oxygen affinity.

Treatment

The evaluations described above did not reveal alternative ex-
planations for their chronic hypoxemia. Since they were both
asymptomatic, without limitations in physical activity, no in-
terventions were required. The father in this case was suggest-
ed to start continuous positive airway pressure for mild sleep
apnea.

Follow-up and outcomes

On follow-up 1 year later, he and his daughter remained
asymptomatic, with no new clinical findings.

Discussion

The differential diagnosis of chronic hypoxemia is broad and
includes hemoglobinopathies that affect the affinity of Hb for
oxygen [9]. Other conditions that can also cause chronic hy-
poxemia with varying symptomatology include diseases that
lead to hypoventilation, such as neuromuscular disorders;
ventilation-perfusion mismatch, such as with chronic lung dis-
ease (e.g., interstitial lung disease); right-to-left shunting po-
tentially due to congenital heart malformations; and impaired
oxygen diffusion capacity from alveoli to blood, as occurs with
pulmonary fibrosis. These processes may occur in hematologic
conditions, including hemoglobinopathies such as sickle cell
disease [10].

Hemoglobinopathies are exceedingly common, especial-
ly among carriers, who tend to have a silent clinical course
[11]. Many Hb variants have certain geographic associations.
For example, Hb Zara has been reported as a heterozygous
variant in a Croatian male, similar to the individual described
in this case [12]. Hb Zara is not well characterized in the lit-
erature and has never been published as contributing to low
oxygen affinity states. Our case is the first report of heterozy-
gosity for Hb Zara, a rare hemoglobin variant, in association
with asymptomatic hypoxemia. Interestingly, this Hb vari-
ant is caused by a point/missense mutation on chromosome
16, resulting in an alteration from CTT > ATT at codon 91
in alpha2 (Hb Zara) [13]. Of note, Hb Santa Barnabas, an-
other HBA?2 variant, was being considered since it can appear
similarly at the locus of Hb Zara on the hemoglobin electro-
phoresis methods that we used. Thus, genetic testing adds an
important next step in deciphering similar variants that can
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Figure 1. Hemoglobin (a) capillary zone electrophoresis and (b) HPLC results in the father and daughter described in this case,
demonstrating an increase in variant fractions resolved on HPLC. HPLC: high-performance liquid chromatography.

be indistinguishable on capillary zone electrophoresis and
HPLC.

Certain hemoglobin variants are associated with low
oxygen affinity states, such as Hb Bonn, Hb Venusberg, Hb
Rothschild, Hb Louisville, and Hb Grove City. Zur et al re-
ported that patients with Hb Bonn and Hb Venusberg variants
may have low oxygen saturation when measured via pulse
oximetry; similar to our case, this low oxygen saturation did
not correlate with hypoxemia [13, 14]. Hb Rothschild also has
been described as a low oxygen affinity hemoglobin variant
in a young female without any obvious cardiopulmonary dis-
ease; the authors suggested that when this is seen clinically,
one should rule out a dyshemoglobin state (e.g., carboxyhe-
moglobinemia or methemoglobinemia) [15, 16]. Given their
structural instability, some Hb variants may present with both
low oxygen affinity and mild hemolytic anemia, making cer-
tain variants such as Hb Louisville more clinically relevant
[17]. There was no evidence of hemolytic anemia in the in-
dividuals we described in this case. However, Hb Grove City
(a beta chain Hb variant) was described in a woman and her
daughter who both presented with hypoxemia and mild ane-
mia, somewhat similar to our case [18].

The pathophysiology of reduce oxygen saturation in
hemoglobinopathies primarily results from low affinity of
variant Hb molecules for oxygen [19]. As a tetramer, Hb
normally contains two alpha and two beta subunits that co-
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operatively bind oxygen leading to a sigmoidal oxygen dis-
sociation curve that can shift due to metabolic changes such
as carbon dioxide levels or change in pH, commonly known
as the Bohr effect [20]. Alterations in Hb subunit structure
may affect oxygen binding, such as that individuals may de-
velop high or low oxygen affinity states, leading to left or
right shifts in the dissociation curve, respectively [21]. For
example, in sickle cell disease, a low oxygen affinity state,
chronic hypoxemia can lead to tissue damage in part due to
reduced oxygen delivery [22]. In the case we describe here,
there appeared to be a right shift based on the P50 calcula-
tion, suggesting decreased oxygen affinity. As over 70 low-
affinity Hb variants have been described [6], it is important
to perform a focused diagnostic approach to determine the
clinical relevance of a particular variant [22].

This case presents an unusual co-occurrence of a Hb vari-
ants at the alpha Hb locus on chromosome 16. Both the fa-
ther and his daughter in this case were noted to have chronic
asymptomatic hypoxemia and without apparent organ compro-
mise, such as pulmonary hypertension [23]. Although there are
no screening guidelines for non-sickling hemoglobinopathies
[24], given the rarity of Hb Zara and the benign clinical phe-
notype, it seems unnecessary that they be included in standard
genetic screening tests. Nevertheless, this case illustrates the
importance of including hemoglobinopathies in the differential
during the workup for hypoxemia, particularly in patients with
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indicates a C>A missense mutation. Hb: hemoglobin.
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mild anemia, to avoid excessive and/or invasive cardiopulmo-
nary testing.

Learning points

It is important to include hemoglobinopathies on the list of pos-
sibilities in the workup of chronic hypoxemia. This is especially
true if more than one family member presents with similar clinical
findings. Given the many Hb variants, workup for a suspected he-
moglobinopathy should include Hb HPLC as well as alpha-globin
gene sequencing if warranted based on abnormal results of these
test.
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