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ABSTRACT
Pearson syndrome (PS) is a mitochondrial disorder that presents
in early infancy as a multisystemic disease affecting the bone
marrow and pancreas. It may present with anemia, diarrhea,
exocrine pancreatic dysfunction, and failure to thrive." Delay in
diagnosis can lead to severe morbidity and mortality in infan-
cy. We report the case of a 9-month-old presenting with failure
to thrive, severe macrocytic anemia and pancytopenia initially
thought to have gastroesophageal reflux and feeding intolerance.
Severe macrocytic anemia and pancytopenia prompted an early
bone marrow evaluation. Abnormal bone marrow findings includ-
ing vacuolated marrow precursors and ringed sideroblasts along
with persistent mild lactic acidosis led to a rapid and extensive
genetics workup. Whole exome sequencing including mitochon-
drial genome sequencing detected a 2.3 kb heteroplasmic dele-
tion in m.12113_14421 encompassing the MT-ND5 gene consis-
tent with the diagnosis of Pearson Syndrome. This case report
highlights the advances in molecular genetic testing to diagnose
patients with complex medical histories along the spectrum of
mitochondrial diseases and the importance of early diagnosis to
start treatment.
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INTRODUCTION

Pearson syndrome (PS) is a rare constitutional
disorder usually caused by single, large-scale
mitochondrial DNA deletions that result in bone
marrow failure and severe macrocytic
sideroblastic anemia.l*d It affects multiple organ
systems, and is frequently associated with
pancreatic insufficiency resulting in steatorrhea
and malabsorption. B Prognosis is poor (~20%
5-year survival) due to the multifaceted nature of
the disease, which includes defective cellular
metabolism, malabsorption, renal and hepatic
failure, and endocrine dysfunction. We are
reporting a 9-month-old male who presented
with severe macrocytic anemia and severe
pancreatic insufficiency requiring multiple blood
transfusions and pancreatic enzyme
replacement.

Mitochondrial diseases are complex disorders
with varying effects in different organs such as
Kearns-Sayre syndrome, progressive external
ophthalmoplegia, diabetes, deafness, various
ophthalmological and neurological disorders, as
well as mitochondrial encephalomyopathy, lactic
acidosis and stroke-like episodes (MeLAS).
Mitochondria, which contain circular double
stranded mtDNA contains 37 genes encoding
enzymes involved in the oxidative
phosphorylation pathway, is present in all body
cells except mature red blood cells. PS is
caused by deletions, duplications or pathogenic
variants within mitochondrial DNA (mtDNA) that
lead to defects in the mitochondrial respiratory
chain and defective energy production!®10.15],
Like other mitochondrial diseases, it affects
organs with higher energy requirementst®,
Mutations are usually sporadic, but germline
mutations have also been reported. [10.14.15]
Some studies suggest that the severity of
disease depends on the size of the deletion
and/or level of heteroplasmy. Despite limited
case reports in the scientific literature, the true
prevalence of PS remains unknown as these
mitochondrial syndromes likely remain under
diagnosed around the world. Despite supportive
treatment, children with PS have a poor

prognosis and most die before 3 years of age!®'2,
There is limited data for those who survive
infancy with features of Kearns-Sayre syndrome
(KSS) such as ophthalmoplegia, retinopathy,
ataxia and cardiac conduction, hearing and
neurological defects®812 Recent advances in
genome sequencing has led to earlier detection
by genetic analysis of mtDNA and allow families
to access better clinical care and novel
treatments.

CASE REPORT

The patient is a 9-month-old male infant with
poor weight gain who presented to a community
hospital for vomiting and respiratory distress.
Parents reported he had been more tired and
paler than usual for the past month. He had poor
weight gain for three months prior to this
admission and now along 1% percentiles. He
had been diagnosed by Gl  with
gastroesophageal reflux disease (GERD) and
milk protein allergy after multiple episodes of
non-bloody, non-bilious emesis. Despite
changes in formula, he had worsening
symptoms for the last two weeks. He was born
at 36 weeks’ gestation to a 29-year-old G1P0
mother and 31 year old father of European
ancestry. Pregnancy was unremarkable. Birth
history significant for premature rupture of
membranes. Birth weight 2.863kg. Family
history unremarkable except for a 27-year-old
maternal uncle who died suddenly of unknown
cause. There had been no major health or
developmental concerns though pediatric visits
were rather limited while living away with
grandparents during COVID-19 pandemic.

In an outside emergency room, he was found to
have severe anemia with hemoglobin of 2g/dL,
neutropenia, and mild thrombocytopenia. He
received a red cell transfusion and was
transferred to our academic center for
hematology workup and further evaluation.
Physical exam on admission was significant for
weight and height below 15t percentile for age
(kg and 65cm, respectively) and pale
appearance. No congenital anomalies or major
dysmorphisms noted. Initial laboratory findings
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showed the following: WBC 4.9 10%L,
hemoglobin 2.0 g/dL, hematocrit 6.2%, MCV 120
fL and platelets 124 10%L. There was a relative
reticuloctopenia for the degree of anemia
(2.58%, absolute count 0.654 10*?/L). Lactic acid
levels were elevated to 6.10 mmol/L. Vitamin
B12, folate, methylmalonic acid and
homocysteine levels were normal. Direct
Coombs was negative. Plasma parvovirus B19

guantitative PCR was negative. Ceruloplasmin,
zinc, and copper levels were normal. Fecal
pancreatic elastase was low (75 pg/gram),
suggestive of pancreatic insufficiency. He had
intermittent bradycardia and echocardiogram
showed mild LV dilation with borderline LVH
concerning for potential cardiomyopathy. MRI of
brain and ophthalmology exam  was

unremarkable for age.

*

Figure 1: Hematoxylin-eosin stained bone marrow core biopsy shows maturing trilineage
hematopoiesis, 200x magnification (panel A). Pronormoblasts with cytoplasmic and occasional
nuclear vacuoles, 1000x magnification (panels B-C). Promyelocyte (panel D) and myelocyte (panel
E) with prominent cytoplasmic vacuoles, 1000x magnification. Orthochromic normoblast with
megaloblastoid features and basophilic stippling, 1000x magnification (panel F). Bone marrow
aspirate iron stain with multiple ring sideroblasts and erythroid precursor with few vacuoles, 500x
magnification (panel G). Representative ring sideroblasts, 1000x magnification (panels H-I).
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Bone marrow examination was performed on the
second day of admission to our institution and
identified a hypercellular marrow with maturing
trilineage hematopoiesis (Figure 1). Bone
marrow aspirate smears showed prominent
cytoplasmic and occasional nuclear
vacuolization in hematopoietic precursors (B-E),
involving both erythroid (B-C) and myeloid
lineages (D-E). (Significant basophilic stippling
and megaloblastoid features were seen in some
nucleated red blood cells (F). An iron stain
(Prussian Blue stain) performed on the bone
marrow aspirate smear showed approximately
50% ring sideroblasts (G-H). An abnormal blast
immunophenotype was not detected by flow
cytometric analysis ruling out a hematological
malignancy. Bone marrow cytogenetics was
normal. Differential diagnosis at this point
included bone marrow failure syndromes such
as Pearson’s Syndrome and Diamond Blackfan
anemia; copper deficiency, zinc toxicity,
myelodysplastic syndromes, inborn errors of
folate and cobalamin transport and metabolism
and other rare conditions causing sideroblastic
anemia with megaloblastic changes. The
presence of vacuolated precursors and
sideroblastic anemia raised the suspicion of
Pearson Syndrome.

Comprehensive genetics work up was expedited
to clarify the underlying genetic cause for the
patient’'s complex phenotype. Newborn screen
was negative. Preliminary metabolic screening
including plasma amino acids, urine organic acid,
acylcarnitine studies, ammonia, and LDH, were
not suggestive of classic inborn errors of
metabolism. Additional molecular studies were
obtained with informed consent. Genomic DNA
was extracted from peripheral blood samples
and testing performed at GeneDx Lab.
Chromosomal microarray and whole exome
sequencing was expedited but unremarkable for
microdeletions, microduplications, or pathogenic
variants respectively. The entire mitochondrial
genome was sequenced and detected a 2.3 kb
heteroplasmic deletion including
m.12113 14421, encompassing the following

mitochondrial genes: MT-ND4, MT-TH, MT-TS2,
MT-TL2, MT-ND5 and MT-ND6 (heteroplasmy
of approximately 81%). The deletion was
consistent with the diagnosis of Pearson
Syndrome.

DISCUSSION

PS has been previously described as a
multisystemic mitochondrial disease presenting
with  macrocytic anemia, failure to thrive,
exocrine pancreatic dysfunction, as well as
possible hepatic and renal impairment.
Refractory sideroblastic anemia is the most
common presentation and is frequently
associated  with  different degrees  of
thrombocytopenia and neutropenial*31l- A
typical finding is striking vacuolization of
hematopoietic precursors®11:12 which was what
raised clinical suspicion for PS in our patient.
Low fecal pancreatic elastase can be indicative
of pancreatic insufficiency. Exocrine pancreatic
dysfunction occurs secondary to fibrosis and is
relatively specific for PSPl However, it is not
present in most of the patients early on as
prevalence increases with age, ranging from
12.7% at the time of diagnosis to 18% at 4 years
of agel*l. Low birth weight can be more common
than exocrine pancreatic dysfunction and
presents in 63% of neonates with PSI*2],

In this case study, we successfully confirmed the
genetic diagnosis in an infant with PS after
extensive series of testing and relatively rapidly
allowing us to institute treatment. Upon
diagnosis, our patient’s pediatric care has been
coordinated with specialists from hematology, Gl,
genetics, cardiology, ophthalmology, audiology,
endocrinology, and development. The family
was referred to several mitochondrial advocacy
groups, including the CHAMP Foundation for
Pearson Syndrome, as well as a mitochondrial
disease network of specialists. Our patient was
recommended to start enzyme replacement
therapy for severe pancreatic insufficiency as
well as a mitochondrial cocktail (Citrulline,
Ubiquinol, Riboflavin, Vitamin E, Folinic acid,
and a Multivitamin) by mitochondrial clinic team
at Children’s Hospital of Philadelphia. Currently
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he is transfusion dependent and requires PRBC
transfusions every 4-6 weeks to maintain a
hemoglobin > 8 gram/dl. He is stable with the
above management and has had resolution of
his feeding intolerance, irritability and is gaining
weight and catching up on developmental
milestones. He has not had any episodes of

infections, sepsis or worsening metabolic
acidosis.
Given the genotype-phenotype variability

mentioned above, PS remains likely under
diagnosed in infants around the world. Without
a bone marrow aspirate and genetic testing
based on clinical suspicion, the diagnosis may
be delayed for an infant with chronic anemia and
failure to thrive. Not uncommonly patients with
Pearson’s syndrome are misdiagnosed with
Diamond Blackfan anemia which is a much more
common inherited cause of bone marrow failure
in infancy. In our case, our patient had a
heteroplasmy of approximately 81%. His
deletion was 2.3 kb which is relatively smaller
than other published cases of about 5.0kb*? and
it is unclear if smaller sizes could contribute to a
milder presentation. Lactic acidosis is a
concerning finding and should be monitored
closely as most of the patients with PS die from
metabolic acidosis early in lifel*t], Our patient
had persistently elevated levels of lactic acid of
about 5 during his admission but never
developed serious metabolic acidosis. As any
deletion in the mtDNA gene is expected to cause
a defect in the oxidative phosphorylation
pathway, it remains unclear how different levels
of heteroplasmy in different tissue can lead to
variability of clinical manifestations among PS
patients at different ages!”l.

Treatment for PS to date has been mainly
supportive--blood transfusions as required for
anemia, pancreatic enzymes replacement,
bicarbonate to control metabolic acidosis and
GCSF to reverse infections in the case of severe
neutropenial®?.  Hematopoietic stem cell
transplant has been considered as an option to
manage the hematological morbidities, but
prognosis with this modality has been reported
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to be poor in PS, and it can be associated with
severe complications, such as encephalopathy,
renal tubular damage and cancer development!’],
A case of successful cord blood transplantation
for molecular proved Pearson disease with
correction in both hematological abnormalities
as well as metabolic acidosis and liver
abnormalities over a 3-year post transplant
follow up was anecdotally reported by Hoyoux et
al in Belgium. Another child with Pearson
syndrome was recently transplanted using
umbilical cord blood stem cells from his fully
matched younger brother with a short follow up
post-transplant but appears to be doing well
(The Champ

Foundation website; unpublished). For our
patient, we are discussing IVF with PGD for HLA
as an option for conceiving a sibling to donate
cord blood or hematopoietic stem cells for
transplantation (HSCT) which improves overall
survival compared with unrelated or non-
matched donorsl1”1819 PGD for HLA allows
genetic testing of IVF embryos to identify those
not carrying a given disease causing mutation
and, HLA matching, to achieve conception of a
healthy child who could be a matched donor for
their sibling[*":19],

Advances in molecular testing are becoming
increasingly available in the clinical setting
leading to earlier diagnosis and treatment.
Improvements in  sequencing technology,
bioinformatics, commercial lab turnaround time
for results, and better insurance coverage have
allowed more patients to access genetic testing.
Our case highlights both whole exome
sequencing (WES) and mitochondrial genome
sequencing are important to clarify conditions
characterized by genetic heterogeneity. As with
any genetic test, it is important for families to
have appropriate counseling and education
about risk, benefits and limitations of genetic
testing by medical geneticists and genetic
counselors.  As molecular genetic testing
improves, confirming a genetic etiology in
pediatrics can provide valuable information for
timely surveillance, intervention, therapy, and
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preventive medical care.
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