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Abstract
Background: Shwachman-Diamond syndrome is a rare autosomal recessive disorder with an incidence of 1/76000.
It is caused by biallelic pathogenic variants in SBDS allele, characterized by pancreatic exocrine insufficiency,
abnormal blood system, and skeletal abnormalities. Here, we describe the diagnosis of a child with ShwachmanDiamond syndrome and discuss the main clinical symptoms of Shwachman-Diamond syndrome and the importance
of genetic testing for its diagnosis.

Case description: A 5.5 year-old boy was hospitalized in our ward of the Second Affiliated Hospital of Dalian
Medical University due to short stature. The patient was also found to have significantly reduced or lack of
neutrophils, repeated infections, and thrombocytopenia. Clinical symptoms suggested the patient suffered from
Shwachman-Diamond syndrome. This was confirmed two years later by gene sequencing: compound heterozygous
pathogenic variants exon2 deletion and c.258+2T>C in SBDS gene were detected. They were verified by qPCR or
Sanger sequencing.

Conclusion: Shwachman-Diamond Syndrome may have pathological changes in multiple systems and is
characterized by pancreatic exocrine dysfunction and abnormal blood cells. The clinical symptoms include growth
retardation, intermittent or persistent cytopenia, repeated infections due to neutropenia. Shwachman-Diamond
Syndrome is a genetic disease and gene sequencing is helpful to confirm the diagnosis.
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1. Introduction
Shwachman-Diamond syndrome (SDS) is a rare and degenerative genetic disease. It is an autosomal recessive
disorder caused by mutations in the SBDS allele, with various clinical symptoms. This case report describes the
treatment of a child with SDS and the process of its diagnosis. The report also analyzes the main clinical symptoms
and emphasizes the importance of high throughput sequencing for its diagnosis.

2. Clinical Information
A 5.5 year-old boy was hospitalized in March 2016 due to post-natal neutropenia accompanied by growth
retardation. He was the first born of his mother and was delivered naturally at the 34th week of pregnancy. His birth
weight was 2.0 kg with a height of 45 cm, and the Apgar score was 9 points. He was breastfed and had septicemia in
the neonatal period. He suffered repeated infections with neutropenia, red blood cells and platelets were normal. The
parents were in good health. The father was 183 cm and the mother was 165 cm in height. There is no family history
of agranulocytosis and short stature. T: 36.2°C, P: 100/min, R: 24/min, BP: 80/60 mmHg, BW: 14 kg, Ht: 98.5 cm.
No abnormalities were found in the physical examination. The absolute neutrophil count has been low (0.20.9×109/L) since birth. During 3 years’old, the boy suffered from recurrent infection with thrombocytopenia (81174×109/L), red blood cells (3.65-4.34×109/L), hemoglobin (110-126 g/L).

Cyclic neutropenia and hematologic disorders were found by bone marrow cytology. The peak for growth
hormonestimulation test (insulin, arginine) was 6.55 ng/ml, 4.55 ng/ml, respectively. The bone age was 3.8 years
(actual age 5.5 years) (Figure 1A). The predicted height was 166.6 ± 2.35 cm. The brain MRI scan was normal. The
child was treated with rhGH solution (GenSci) at a dosage of 0.1IU/Kg·d. In the first year of the treatment, the child
grew 12 cm and his bone age was 5.5 years (actual age 6.5 years), and his predicted height was 168.15+2.35 cm
(Figure 1B). During the second year, the child grew 7.5 cm and his bone age was 6.3 years (actual age 7.5 years),
while his predicted height was 169.37+2.35 cm (Figure 1C). At the age of 7.5 years, we obtained parental consent
for the patient’s genetic testing by Beijing Genomics Institute. And the known pathogenic mutation EX2 DEL of the
SBDS gene and the likely pathogenic mutation c.258+2T>C were detected. Further verification by qPCR and
Sanger sequencing confirmed that one mutation came from his father and the other one from his mother (Figure 2
and 3).

3. Discussion
Shwachman-Diamond syndrome (SDS) is a rare genetic disease. The SBDS gene (OMIM 607744) located on the
proband is heterozygote of SBDS c.258+2T>C, this variant inherited from his mother (Figure 2). Three common
SBD pathogenic or likely pathogenic mutation loci is located on 7q11.21, c.183-184delinsCT, c.258+2T>C, and
c.[183-184delinsCT:258+2T]>C. Boocock GR found that about 90% of patients had at least one pathogenic variant
and 62% had multiple variant [1]. In our patient, we detected the pathogenic variant exon2 deletion and the likely
pathogenic variant c.258+2T>C through high throughput sequencing. Further verification by qPCR or Sanger
sequencing confirmed that one variant came from his father and the other one from his mother.
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Figure 1: Improvement of bone age after GH treatment. A: The bone age was 3.8 years before GH treatment. The
predicted height was 166.6 ± 2.35 cm; B: The bone age was 5.5 years after 12-months GH treatment. The predicted
height was 168.15 ± 2.35 cm; C: The bone age was 6.3 years after 24-months GH treatment. The predicted height
was 169.37 ± 2.35 cm.

Figure 2: The proband is heterozygote of SBDS c.258+2T>C, this variant inherited from his mother.
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Figure 3: qPCR result of SBDS exon2 deletion. The proband is heterozygote of SBDS exon2 deletion, this variant
inherited from his father. NC is short for normal control.

The main clinical symptoms of Shwachman-Diamond syndrome are pancreatic functional exocrine disorders, bone
marrow failure, and one or more series of cytopenia [2-4]. Most patients have short stature, skeletal malformations,
hepatic insufficiency, and severe infections [5, 6]. Persistent or intermittent reduction of neutrophils is the most
common abnormal indicator of SDS in the blood system. Almost all patients have abnormalities in the blood system.
The probability of granulocytic leukemia in SDS patients is 18%~36% [7]. Bone marrow cytology can help detect
bone marrow diseases early, but the disease can change over time. Neutrophils are intermittently reduced in some
patients. Growth retardation is another typical symptom of SDS. Some have reported that 38% of SDS patients are
short, while stunted dysplasia is the cause of the short stature in 1/3 of patients. Myers reported that SDS patients
also have growth hormone deficiency [8], which consistent with our patient. Therefore, SDS patients with short
stature need to conduct endocrine tests such as a growth hormone stimulation test. However, Myers found that half
of the 37 confirmed SDS patients had no typical clinical symptoms [8]. In our patient, the clinical symptoms of
pancreatic exocrine disorders such as diarrhea are not obvious. The child got infected repeatedly in the neonatal
period and gradually accompanied by neutropenia or lack of neutrophils and gradual thrombocytopenia. The
pathogenic mutations were detected and the origin of the mutated gene was confirmed.

At present, there is no effective cure for SDS. For our young patient, granulocyte colony-stimulating factor is given
when granulocytic deficiency is accompanied by severe infection. Blood tests should be conducted routinely and
bone marrow cytology should be monitored. Currently, hematopoietic stem cell transplantation is reported to be the
only effective method to treat bone marrow failure [9]. In addition, growth hormone therapy can have the benefits of
SDS with short stature [10]. Based on the GH stimulation test results, the child was treated with rhGH, and the
therapeutic effect is satisfactory.

SDS displays various clinical presentations and has a low incidence rate. Some clinicians lack the experience of
dealing with this disease. The diagnosis of SDS for our patient is based on high throughput sequencing. Therefore,
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for children with symptoms such as decreased or depleted neutrophils, progressive anemia, thrombocytopenia,
repeated diarrhea, growth retardation, and skeletal dysplasia, it is necessary to conduct genetic testing early for
clinical diagnosis.
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