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Abstract

Rationale: Shwachman-Diamond syndrome (SDS) is a rare autosomal recessive genetic disease, the diagnosis is a@
challenge for clinician, as the clinical manifestations of the disease are diverse. Here, we report a girl who diagnosed with SDS
with the symptoms of recurrent fever, elevated transaminase levels, and granulocytosis. The aspects of diagnosis and treatment
were discussed and a literature review was conducted.

Patient concerns: A 15-month-old girl admitted to our hospital because of recurrent fever, granulocytopenia, and elevated
transaminase levels.

Diagnosis and interventions: The compound heterozygous variant of Shwachman-Bodian-Diamond syndrome
€.258 + 2T > C:p.84Cfs3 and ¢.96C > G:p.Y32* were detected after sequencing the blood samples from the patient and her
parents. Finally, she was diagnosed with SDS and she was treated with compound glycyrrhizin, granulocyte-colony stimulating
factor, and antibiotic in the case of co-infection.

Outcomes: During the follow-up, her liver function showed the level of transaminases decreased and she rarely had infection
after the age of 15 months although neutropenia is still present.

Lessons: Patients with SDS lacks typical clinical symptoms, which presents a huge challenge for clinicians. Genetic testing
techniques is playing an important role in the diagnosis of diseases. This patient without typical clinical manifestations such as
exocrine pancreatic insufficiency and skeletal abnormality, we report this case aimed to strengthen the understanding of the
disease.

Abbreviations: AML = acute myeloid leukemia, G-CSF = granulocyte-colony stimulating factor, SBDS = Shwachman-Bodian-

Diamond syndrome, SDS = Shwachman-Diamond syndrome.
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1. Introduction

Shwachman-Diamond syndrome (SDS) is an inherited bone
marrow failure syndrome characterized by 3 hallmark fea-
tures: neutropenia, exocrine pancreatic insufficiency, and bony
abnormalities.''! Progression and evolution of bone marrow
disease remains a major cause of morbidity and mortality in
these patients. The incidence of SDS is about 1/77,000 live
births.”! Due to the financial difficulties, many families cannot
afford too many tests, so early diagnosis and avoiding unnec-
essary tests are especially important. In this study, clinical and
genetic analyses of a child with SDS and a literature review
were conducted.
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2. Case presentation

The patient was a 15-month-old girl who visited our hospital
for further diagnosis and treatment. She was first admitted to
an outside hospital at 3 months of age with the complaint of
fever. Normal body temperature after oral ibuprofen. During
a hospitalization at 6 months with the complaint of fever,
she was found to have increased transaminase levels and was
treated with antipyretics and a compound glycyrrhizin injection.
Her symptoms improved, and liver function was decreased on
recheck. At 8 months of age, she was admitted to an outside
hospital with fever again the blood routine examination showed
neutropenia (minimum 0.29 x 10°/L), during which she was

* Correspondence: Qingwen Shan, Department of Pediatrics, The First Affiliated
Hospital of Guangxi Medical University, Nanning, 5630021, China (e-mail:
shanqw333@163.com).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Liu Z, Tang Q, Chen X, Huang L, Lan L, Lv Z, Yang

X, Shan Q. Shwachman-Diamond syndrome: A case report. Medicine
2024;103:36(e39210).

Received: 25 April 2024 / Received in final form: 15 July 2024 / Accepted: 17 July
2024

http://dx.doi.org/10.1097/MD.0000000000039210


mailto:
https://orcid.org/0009-0006-9179-4599
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
https://orcid.org/0000-0001-8456-8450
mailto:shanqw333@163.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Liu et al. ® Medicine (2024) 103:36

treated with antipyretics and granulocyte-colony stimulating
factor (G-CSF). The neutrophil count can rose to 4.17 x 10°/L
but dropped below 0.5 x 10°/L again several months later.
Because of recurrent fevers, hematologic abnormalities and liver
function impairment, she came to our hospital for further treat-
ment. Combined with the child’s genetic suggested Shwachman—
Bodian-Diamond syndrome (SBDS) gene mutation, SDS was
considered.

The patient was the second child of healthy unrelated parents.
The child in this study was born in good condition, raised her
head at 3 months of age, sat alone at 8 months of age, and now
walks alone, and is the same developmental age as her peers. She
has an older brother, now 12 years old, who is healthy and has
no similar clinical manifestations.

At 15 months of age, our patient’s height was 78cm
(median — 1SD), her weight was 10.5kg (median + 1SD).
Several enlarged lymph nodes the size of soybeans could be
palpated in the neck bilaterally. No skeletal malformations
was observed. A swelling was seen in the umbilicus that could
return. The patient’s white blood cell count and number of
platelets were normal, the absolute neutrophil count was
0.81 x 10 cells/L, and hemoglobin concentration was 117 g/L.
Liver function showed that alanine aminotransferase (ALT)
335 U/L and aspartate aminotransferase (AST) 184 U/L, while
total bile acid 17.9 pmol/L, and serum bilirubin and glutamyl
aminotransferase were normal. The value of lipase and amy-
lase were at a low normal level. A digestive system ultrasound
include ultrasound of pancreas found no obvious abnormali-
ties in the gallbladder, pancreas, or spleen. The patient’s parents
refused abdomen CT scan because of the reasons of financial
difficulties and radiation. Figure 1 shows the liver pathology
results. Hepatocytes were mildly edematous with punctate
necrosis, and a small area of interfacial inflammation could be
seen (Fig. 1A). Masson staining showed a small amount of col-
lagen fiber proliferation in the portal area (Fig. 1B). The portal
area was slightly widened, with a small amount of fibrous tissue
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and juvenile interlobular bile duct hyperplasia (Fig. 1C and D)
and more lymphocytic infiltration. The diagnosis was chronic
hepatitis G2S2 with an ISHAK score of inflammation 5 and
fibrosis 3.

2.1. Genetic testing

The  compound  heterozygous  variant of  SBDS
c.258 + 2T > C:p.84Cfs3 and ¢.96C > G:p.Y32* were detected
after sequencing the blood samples from the patient and her
parents (Fig. 2).

In her follow-up information, she was 94cm (-1SD to
median) in height and 13.6kg (-1SD to median) in weight at
38 months. Since abnormal liver function (elevated ALT and
AST levels) was found during the examination, the child was
treated with oral liver protection drugs. The patient’s liver
function showed a slightly elevated level. During the whole
course of the disease, because the absolute neutrophil value
was severely reduced, recombinant human G-CSF was injected
to promote leukocyte treatment at 8 months old of the patient.
The child’s routine blood examination showed that the abso-
lute neutrophil value increased to 4.17 x 10°/L, but decreased
to below 1.5 x 10°/L again several months later. As the child
did not have repeated infections, G-CSF was not used again
(Table 1).

3. Discussion

We used PubMed as the primary database for finding articles
on the subject. According to the case report statistics retrieved
from the database, 152 cases of children had clear diagnoses
and complete information were found. The clinical manifes-
tations of patients with this disease are diverse. Some patients
experience diarrhea, growth retardation, or recurrent infection
as the first manifestation, while other patients have no clinical

Figure 1. (A-D) Histological liver findings. (A) Hematoxylin and eosin staining of the liver tissue suggested the presence of mild edema of hepatocytes, punctate
necrosis, and a small area of interfacial inflammation. (B) Collagen fiber Masson staining of the liver tissue (in green) suggested a small amount of collagen fiber
hyperplasia. (C) IHC-CK19 showed hyperplasia of the interlobular bile duct. (D) IHC-CK7 showed hyperplasia of the interlobular bile duct.
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Figure 2. Sanger genetic testing results of the family. (a—c) The ¢.258 + 2T > C mutation in the SBDS gene. (d—f) The ¢.96C > G mutation in the SBDS gene.
(@)The patient carries the ¢.258 + 2T > C mutation. (b) The genotype of this locus in her father is normal. (c) Her mother carries the ¢.258 + 2T > C mutation. (d)
The patient carries the ¢.96C > G mutation. (e) Her father carries the ¢.96C > G mutation. (f) The genotype of this locus in her mother is normal.

Laboratory findings from patient follow-up.

Age (months) Leucocyte (x10°) Hemoglobin (g/L) Platelet (x10°) Absolute value of neutrophils (x10°) ALT (U/L) AST (U/L) Amylase (U/L) Lipase (U/L)

15 9.05 113 280
16 10.19 113 233
18 9.21 126 246
20 7.51 123 213
23 6.08 124 209
25 6.36 120 262
27 6.96 122 291
29 6.95 120 213
38 5.46 127 158

1.31 7 111 - -
1.18 92 173 - -
0.4 78 147 - -
1.01 246 136 - -
0.36 62 121 - -
0.72 93 92 9 19.2
0.45 71 70 1 7.5
0.85 87 101 - -
0.34 63 83 8 9.6

Notes: Normal range of ALT: 7-45 U/L; normal range of AST: 13—40 U/L; normal range of serum amylase: 0—220 U/L; normal range of serum lipase: 0-60 U/L.

symptoms, and abnormal laboratory manifestations such as
hemocytopenia are found on physical examination. The survival
age of patients with SDS is related to the time of clinical presen-
tation and the severity of the clinical manifestations. Among the
patients reported in the literature, the oldest survivor is an adult
male of approximately 60 years old.!

Among the 152 children with SDS-related clinical manifestations
before 18 years old, 2 cases did not describe the patient’s sex. After
collation of the data, 90 cases (59.2%) were male, and 60 (39.4%)
were female, with a male-to-female incidence ratio of 1.5:1.

The reported clinical and physical manifestations are sum-
marized in Table 2. The manifestations of pancreatic exocrine
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Summary of reported patient information.

Organ/system n %
Exocrine function of the pancreas 143 94%
Hematologic 148 97.3%
Skeleton 67 44%
Liver 62 40.7%

dysfunction include: increased stool frequency, high fecal fat
content, decreased serum tryptase, amylase and lipase levels,
radiographic changes, etc. The manifestations of hematologic
involvement include: absolute neutrophil values, hemoglobin
levels, or platelet values. The manifestations of skeletal involve-
ment include: skeletal malformation, X-ray findings of long
shaft diaphyseal dysplasia, etc. The manifestations of liver
involvement include: liver enlargement, abnormal liver func-
tion, liver histological lesions, etc. The 2 most common clinical
manifestations are exocrine function of the pancreas and hema-
tologic. Moreover, 19 cases (12.5%) had hematologic malignan-
cies, including 4 cases of acute myeloid leukemia (AML), 5 cases
of MDS, 2 cases of lymphoma, 2 cases of aplastic anemia, and 1
case of MDS and AML.

In the present case, the child had no diarrhea or feeding intol-
erance. The reason for this may be her young age, so she has
not yet shown symptoms of pancreatic exocrine insufficiency.
Several cases have shown that manifestations of pancreatic exo-
crine insufficiency can occur later in the course of the disease.>#
Another reason is that only a small part of the pancreatic exo-
crine function is lost, but clinical symptoms of exocrine pancre-
atic insufficiency usually appear only when the loss of acinar
volume exceeds 98%.5

In almost all affected children, persistent or intermittent
neutropenia is a common presenting finding, often before the
diagnosis of SDS is made.!!l In this case, the routine blood exam-
ination of the child showed a decrease in the absolute value of
the neutrophil granulocytes, and no abnormality was found
in the classification and count examination of the peripheral
blood white blood cells. No malignant hematologic disease was
observed in the child. Because of the young age of the patient, it
is still necessary to be vigilant about the possibility of leukemia
and myelodysplastic syndrome.

Most patients with SDS come to hospital because of respira-
tory tract infection or unexplained fever. This may be because
the absolute value of neutrophils in these child decreases, result-
ing in the body’s resistance to pathogenic microorganisms
decreasing and becoming prone to infection.

The pathogenesis of liver involvement has not yet been clar-
ified, but it has been proposed that the Fas pathway may accel-
erate hepatocyte apoptosis.! Some studies have also suggested
that the damage to liver function may be related to hepato-
cyte steatosis, which leads to impaired liver function. In some
reported cases, liver pathological examination showed no spe-
cific lesions, different degrees of inflammatory cell infiltration,
liver fibrosis, and hepatocyte steatosis.””*! Liver abnormalities
appear to manifest primarily in infancy with mild derangements
in biochemical measurements of the liver, even severe liver
involvement with massive hepatosplenomegaly and markedly
abnormal liver biochemistry has been reported.”!

Skeletal findings are symmetrical, can be widespread or
localized, and are more marked in the lower limbs than the
upper limbs. They vary in severity and location depending on
the patient’s age. In infancy, the earliest radiographic findings
are mild to moderate rib shortening and distal rib flaring or
cupping.l'” Published case series in SDS describe metaphy seal
chondroplasia in 40 to 80% of patients and short stature in
more than 50%.!""1 Most pediatric patients with SDS have an
average birth weight in the 25th percentile, and the height and

Medicine

weight in more than 50% of these pediatric patients decrease
below the 3rd percentile in the first year of life.'”! This child has
no skeletal deformity or short stature, which may be related to
the absence of pancreatic exocrine insufficiency and no nutri-
tional deficiencies.!!314!

SDS is most commonly associated with biallelic mutations
in the eponymous SBDS gene, named after the US physician
Harry Shwachman, the British ophthalmologist Martin Bodian,
and the American pediatrician Louis Diamond who reported
the syndrome in 1964. In 2003, a positional cloning strategy
identified biallelic mutations in the highly conserved SBDS gene
in the majority of individuals with SDS.I"] SBDS is expressed
in all organs."') The SBDS gene’s functions are unknown. One
study showed that cells deficient in the SBDS protein are char-
acterized by accelerated apoptosis and Fas hypersensitivity,
suggesting that the protein might play an important role in
Fas-mediated apoptosis.l'”l With the continuous advancement
of genetic detection technology, in addition to the SBDS gene
mutations that have been found in recent years, biallelic variants
in DNAJC21, EFL 1, and SRP 54 have also been successively
reported as causative gene mutations in SDS. Research has
shown that SBDS, DNAJC21, EFL1, and SRP54 are involved
in ribosome biogenesis: SBDS, through direct interaction with
EFL1, promotes the release of the eukaryotic initiation factor
6 (elF6) during ribosome maturation, DNAJC21 stabilizes
the 80S ribosome, and SRP54 facilitates protein tracking. The
authors suggest that their findings strengthen the postulate that
SDS is a ribosomopathy.!*®!

The most common mutation in the patients with SDS is the
¢.258 +2T > C and ¢.183-184TA > CT composite heterozy-
gous mutation. The second most common is the ¢.285 + 2T > C
homozygous mutation. In this case, c.258 + 2T > C was detected
in the patients with SDS and ¢.96C > G is a new mutation site
that has not been reported in the literature. Current studies all
show no obvious correlation between clinical phenotype and
genotype in patients with SDS.[8!

The long-term treatment of SDS is multidisciplinary. No spe-
cial treatment drugs were available for the patient. The main
treatments options are alternative treatments and symptomatic
treatments. For patients with exocrine pancreatic dysfunction,
it is necessary to monitor pancreatic enzymes, such as amy-
lase and lipase, oral tryptic enzyme replacement therapy, and
fat-soluble vitamins (A, D, E, and K).'"”! Erythrocyte transfu-
sion, platelet, and G-CSF may be considered for anemia, neu-
trophilia, and thrombocytopenia. For severe pancytopenia,
those with MDS or AML should be considered for hematopoi-
etic stem-cell transplantation.?! Our patient was treated with
oral liver protection drugs due to elevated liver transaminase
levels, and her liver function was reduced to normal, although
there were repeated elevated values but no obvious aggrava-
tion. Liver lesions in SDS patients are generally mild, and many
cases have reported that liver function impairment is most com-
mon in the first year of life and tends to return to normall®
after the age of 5 years.

Author contributions

Resources: Qingwen Shan.

Writing — original draft: Zumiao Liu.

Writing — review & editing: Qing Tang, Xiuqi Chen, Li Huang,
Zili Ly, Liancheng Lan, Xia Yang.

References

[1] Thompson AS, Giri N, Gianferante DM, et al. Shwachman Diamond
syndrome: narrow genotypic spectrum and variable clinical features.
Pediatr Res. 2022;92:1671-80.

[2] Myers KC, Davies SM, Shimamura A. Clinical and molecular patho-
physiology of Shwachman-Diamond syndrome: an update. Hematol
Oncol Clin North Am. 2013;27:117-28, ix.



Liu et al. e Medicine (2024) 103:36

[3] Khan S, Hinks J, Shorto ], Schwarz MJ, Sewell WAC. Some cases of

common variable immunodeficiency may be due to a mutation in the
SBDS gene of Shwachman-Diamond syndrome. Clin Exp Immunol.
2008;151:448-54.

Andolina JR, Morrison CB, Thompson AA, et al. Shwachman-
Diamond syndrome: diarrhea, no longer required? J Pediatr Hematol
Oncol. 2013;35:486-9.

Kumaraguru N, Kéglmeier ]. Early spontaneous recovery of exo-
crine pancreatic insufficiency in a 3-year-old child with Shwachman-
Diamond syndrome. Indian ] Gastroenterol. 2014;33:295-6.
Veropalumbo C, Campanozzi A, De Gregorio F, Correra A, Raia V,
Vajro P. Shwachman-Diamond syndrome with autoimmune-like liver
disease and enteropathy mimicking celiac disease. Clin Res Hepatol
Gastroenterol. 2015;39:e1-4.

Bucciol G, Cassiman D, Roskams T, et al. Liver transplantation for
very severe hepatopulmonary syndrome due to vitamin A-induced
chronic liver disease in a patient with Shwachman-Diamond syndrome.
Orphanet ] Rare Dis. 2018;13:69.

Lawal OS, Mathur N, Eapi S, Chowdhury R, Malik BH. Liver and
cardiac involvement in Shwachman-Diamond syndrome: a literature
review. Cureus. 2020;12:e6676.

Toiviainen-Salo S, Durie P, Numminen K, et al. The natural history of
Shwachman-Diamond syndrome-associated liver disease from child-
hood to adulthood. J Pediatr. 2009;155:807-11.e2.

Levin TL, Makitie O, Berdon WE, Lachman RS. Shwachman-
Bodian-Diamond syndrome: metaphyseal chondrodysplasia in chil-
dren with pancreatic insufficiency and neutropenia. Pediatr Radiol.

2015;45:1066-71.

www.md-journal.com

[11] Keogh SJ, McKee S, Smithson SE, Grier D, Steward CG. Shwachman-

Diamond syndrome: a complex case demonstrating the potential for
misdiagnosis as asphyxiating thoracic dystrophy (Jeune syndrome).
BMC Pediatr. 2012;12:48.

[12] Tang Q, Ye XM, Yang YC, Wen X-L. Shwachman-Diamond syndrome:

A case report. Asian J Surg. 2023;46:928.

Dall’Oca C, Bondi M, Merlini M, Cipolli M, Lavini F, Bartolozzi P.
Shwachman-Diamond syndrome. Musculoskelet Surg. 2012;96:81-8.
Kuroda T, Uenishi K, Ohta H, Shiraki M. Multiple vitamin deficiencies
additively increase the risk of incident fractures in Japanese postmeno-
pausal women. Osteoporos Int. 2019;30:593-9.

[15] Warren AJ. Molecular basis of the human ribosomopathy Shwachman-

Diamond syndrome. Adv Biol Regul. 2018;67:109-27.

Kerr EN, Ellis L, Dupuis A, Rommens JM, Durie PR. The behavioral
phenotype of school-age children with Shwachman-Diamond syn-
drome indicates neurocognitive dysfunction with loss of Shwachman-
Bodian-Diamond syndrome gene function. ] Pediatr. 2010;156:433-8.

[17] Watanabe K, Ambekar C, Wang H, Ciccolini A, Schimmer AD, Dror

Y. SBDS-defciency results in specifc hypersensitivity to Fas stimula-
tion and accumulation of Fas at the plasma membrane. Apoptosis.
2009;14:77-89.

Bezzerri 'V, Cipolli M. Shwachman-Diamond syndrome: molec-
ular mechanisms and current perspectives. Mol Diagn Ther.
2019;23:281-90.

Saito-Benz M, Miller HE, Berry M]. Shwachman-Diamond syndrome
(SDS) in a preterm neonate. J Paediatr Child Health. 2015;51:1228-31.

[20] Tan H, Su D, Zhuo Z. Shwachman-diamond syndrome: a case report.

Medicine (Baltim). 2021;100:e24712.



