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Abstract
The proband was of Arabic descent and evaluated for intractable diarrhea and poor growth. Molecular testing identified a
nonsense mutation in the sucrase-isomaltase (SI) gene consistent with a diagnosis of sucrase-isomaltase deficiency (CSID).
Appropriate treatment led to resolution of symptoms and improved growth. This case represents the first report of CSID
with molecular confirmation in a patient without known European ancestry and demonstrates the importance of genetic
testing for congenital diarrheal disorders.
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Introduction
Congenital diarrheal disorders (CDD) comprise a group
of rare enteropathies that are typically monogenic and autosomal recessive manner in nature [1]. For many of these
conditions, patients present within the first few days to
weeks of life with severe diarrhea and dehydration. Congenital sucrase-isomaltase deficiency (CSID) is an autosomal recessive CDD, the result of mutation of the SI gene.
This gene encodes a type II transmembrane glycoprotein
of the intestinal brush border responsible for processing of
dietary carbohydrates. Unlike many CDDs, however, patients with CSID often have delayed symptom onset. The
classic presentation is that of an infant or child who develops severe watery diarrhea and failure to thrive following
the introduction of sucrose or starch [2]. The disorder is
commonly found in the circumpolar regions of Greenland
and the Inuit populations of Alaska and Canada. It has an
estimated incidence of 0.2-0.05% among individuals of European descent [3-6] and the vast majority of patients carry
one of four abnormal alleles [7]. The most common of these
alleles is a founder mutation with high prevalence among
the Inuit people [8]. Additional mutations restricted to a
few individuals or families have been documented [7] but
are uncommon. Outside of these at risk populations, the
condition is exceedingly rare.

Diagnosis of a congenital diarrheal illness is challenging
and often complicated by heterogeneous etiology, overlap in phenotype, and a broad differential. Traditional approach relies heavily on defining the clinical characteristics
of the illness and histological evaluation of intestinal tissue.
Diagnostic yield of endoscopy, however, is highly variable.
Increasingly, genetic testing has been implemented, facilitating rapid diagnosis and disease specific management.
The advent of next gen (NGS) and whole exome sequencing has revolutionized the approach to this diverse group of
disorders and proven an invaluable tool in identifying rare
and novel syndromes. The utilization of molecular testing
in conjunction with detailed phenotyping in CDD, however, has not yet become routine practice despite evidence
that early molecular diagnosis has a direct impact on patient
management [9].
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Clinical Report
The proband was a 5-year-old female referred from the
United Arab Emirates for evaluation of failure to thrive and
chronic diarrhea. Onset of symptoms was reported to be
4 months of age, coincident with the introduction of soft
foods to her diet. Stools were described as frequent and watery with as many as twelve per day.
Indirect pancreatic function testing (PFT) was done
by measuring the zymogen elastase-1 in stool. This was
initially performed by ARUP laboratories, Salt Lake City,
UT. Results were suggestive of possible exocrine pancreatic insufficiency (107 μg/g). This was repeated again two
months later as she remained symptomatic. Stool sample
was analyzed at Kaleida Health Children’s Hospital laboratory, Buffalo, NY, using an enzyme linked immunosorbent assay (ELISA) manufactured by Bioserv Diagnostic GmbH, Germany. Repeat results again showed low
fecal elastase (101.8 μg/g of stool). A trial of pancreatic
enzyme supplementation therapy was started, however,
symptoms persisted.
Table 1: Results of disaccharidase biochemical assay.
Disaccharidase
Lactase
Sucrase
Maltase
Palatinase

Results
27.2
0.0
19.3
0.0

Reference range
> 15 μM/min/g protein
> 25 μM/min/g protein
> 100 μM/min/g protein
> 5 μM/min/g protein

Direct PFT was done endoscopically with a pre-specified protocol, which involved collection of secretions at set
intervals from the second portion of the duodenum, close
to the ampulla of Vater, after pancreatic stimulation with
Sinaclide (synthetic C-terminal octapeptide of cholecystokinin). For this patient, three aliquots were collected with
confirmed pH between 7.5 and 7.7. Samples were sent to
Kalieda Health Children’s Hospital Laboratory, Buffalo,
NY, for measurement of trypsin, amylase, lipase, chymotrypsin and protein. All pancreatic enzyme activities were
reported as normal therefore diagnostic workup was expanded.
Intermittent supplementation with pancreatic enzymes
over a period of several years resulted in minimal improvement in symptoms. Family reported normal appetite and
caloric intake, but weight was less than 3rd centile for age.
The decision was made to proceed with esophagastroduodenoscopy and colonoscopy for further evaluation. Duodenal mucosa was noted to be friable and the ampulla appeared umbilicated and edematous on gross examination,
however, no diagnostic abnormalities were visible on histological examination. Tissue was collected for disaccharidase analysis, which was sent to Kaleida Health Children’s
Hospital Laboratory, Buffalo, NY. Dissachariadases were
analyzed by the Dahlqvist method [10]. Residual sucrase
and palatinase (isomaltase analog) activity was 0 μM/min/g
protein consistent with a diagnosis of sucrase-isomaltase
deficiency (Table 1).
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Figure 1: Pedigree of family. Circles represent females, squares represent males. Arrow indicates the proband, homozygous
for the identified c.853G > T variant in the SI gene.
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Genetic Testing
Family history was significant for consanguinity, the
proband was the product of a first cousin union. Microarray
demonstrated large tracts of homozygosity encompassing
6.5% of the genome with increased risk for unmasking of
recessive conditions. Candidate genes within the homozygous tracts and consistent with the patient’s phenotype included the SLC26A3 gene for congenital chloride diarrhea,
and the SI gene associated with CSID.
Genomic DNA was isolated from the proband and
the entire coding region as well as all exon/intron boundaries of the SI gene was analyzed by PCR and bi-directional sequencing. A novel nonsense mutation, c.853G
> T (p.E285*), was identified. This change results in a
premature stop codon and substantially truncated mutant protein length [11]. Subsequent genetic testing in
first-degree family members demonstrated heterozygous
state in the mother, father, and two siblings (Figure 1).

Treatment
Pancreatic enzyme supplementation was discontinued
and patient was instructed to begin sucrosidase with snacks
and meals in addition to restriction of complex carbohydrates and sucrose containing foods. Weight gain improved
with return of normal linear growth. Body mass index increased to the 26th centile during the six month follow up
period and symptoms were largely ameliorated except
when patient deviated from recommended diet.

Discussion
The non-specific presentation of congenital diarrheal
illnesses makes diagnosis challenging, however, rapid identification of the disorder can have significant impact on
management and outcome. Over 50 genes have been implicated in this group of disorders with substantial overlap in
phenotype [9,12]. In this patient, genetic diagnosis helped
guide targeted intervention with resolution of symptoms
and improved growth. This type of molecular approach is
not limited to CSID and rapid identification of the disorder
can have significant impact on management and outcome.
Genotype specific therapies are increasingly utilized for
many congenital diarrheal illnesses. Hematopetic stem cell
transplant is potentially curative in disorders such as IL10
signaling defects [13], XIAP deficiency [14], and FOXP3
deficiency [15]. Early recognition of congenital chloride
diarrhea, associated with mutations in SLC26A3 has been
proven to mitigate renal complications and restore normal
growth and development [16]. Even in conditions for which
there is no ameliorative treatment, such as trico-hepato-enteric syndrome (SKIV2L and TTC37), early confirmation
of diagnosis via genetic testing and implementation of long
term TPN can improve quality of life and reduce associated
comorbidities [17].
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Increasingly, international families are seeking care
within the United States. Among residents of North Africa, the Middle East, and West Asia, first cousin unions are
common and comprise an estimated 20-30% of all marriages [18]. In populations where consanguinity is practiced,
however, there is higher risk for rare, autosomal recessive
conditions to occur. Although microarray cannot identify
single gene changes, it can be used to isolate homozygous
tracts within the genome that result from consanguinity.
These tracts can then be interrogated for candidate genes
consistent with the patient’s phenotype, as was done in this
case, eliminating the need for broader genetic testing.
Molecular testing was recently been proposed as a first
line tool for diagnosis and management of CSID, a safer
alternative to sedation and traditional endoscopy. A study
by Uhrich [7] confirmed that 83% of symptomatic children
with clinical suspicion for CSID and European ancestry
could be diagnosed via genetic testing alone. Molecular
testing should be considered as a first line diagnostic tool
and may be more appropriate than traditional endoscopy
in clinically tenuous patients.
Although fecal elastase studies in this patient were suggestive of possible exocrine pancreatic insufficiency, intermittent supplementation with pancreatic enzymes over a
period of several years resulted in minimal improvement in
symptoms. Fecal elastase is an indirect measure of pancreatic function and can be falsely positive in the setting of diarrhea, exemplified by this case. Direct pancreatic function
testing was normal and the patient has had improved linear growth and weight gain with resolution of her diarrhea
in the absence of pancreatic enzyme supplementation and
strict adherence to her diet.
This is the first report of a patient with CSID and confirmed mutation in the SI gene without known European
or Inuit ancestry. At this time, there are no reports of
patients of Arabic or African descent with CSID reported
in the literature. Geng, et al. [2] described three Chinese
patients with a phenotype consistent with CSID however; neither sucrase-isomaltase activity nor molecular
sequencing was performed. In the absence of additional
data, it is difficult to estimate the actual prevalence of the
disorder in their target population. It is possible that given its rarity, CSID is excluded as a potential etiology and
therefore patients traditionally believed to be not at risk
escape diagnosis.
This case serves to emphasize that rare and uncommon disorders should be equally considered if consistent
with the phenotype. Given high diagnostic yield in CSID,
molecular testing should be considered as a first line tool
as rapid identification and implementation of appropriate therapy results in resolution of symptoms.
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