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Abstract
BACKGROUND
[bookmark: OLE_LINK87][bookmark: OLE_LINK72][bookmark: OLE_LINK71][bookmark: OLE_LINK65][bookmark: OLE_LINK53]Congenital tufting enteropathy (CTE) is a rare cause of diarrhea in children. However, it can result in early-onset of chronic diarrhea and failure to thrive. Children with this disease have to depend on total parenteral nutrition (TPN), and eventually small intestine transplantation. The epithelial cell adhesion molecule (EPCAM) gene was identified to be associated with CTE. Here, we present a case of an infant with CTE due to a mutation not reported in the literature before.

CASE SUMMARY
[bookmark: OLE_LINK78][bookmark: OLE_LINK77][bookmark: OLE_LINK76]A 1-year and 7-mo infant boy exhibited intractable watery diarrhea and mushy stool within 1 wk after birth, for which he had required medical treatment and hospitalization several times. His sister presented similar symptoms and died at the age of two. On admission, his body weight was 5700 g (-4.8SDS) and measured 66 cm (-5.4SDS) in height. Meanwhile, he cannot speak or climb. He exhibited mild anemia, hypocalcemia, hypomagnesemia, and an infection in the upper respiratory tract. Microvilli sparse and vacuolar degeneration of epithelial cells were reported by small intestine biopsy. Whole-exome sequencing showed a novel homozygous splice mutation (c.657+1[IVS6] G>A) in the EPCAM gene. He was treated with TPN and recombinant human growth hormone. After 2 mo, his body weight was up to 8500 g and he has been waiting for small bowel transplantation.

CONCLUSION
[bookmark: OLE_LINK86][bookmark: OLE_LINK80][bookmark: OLE_LINK79]CTE is rare but fatal. Patients with CTE require rapid diagnosis and therapy to improve their survival.
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Core Tip: Congenital tufting enteropathy (CTE) is a rare cause of congenital diarrheal disorders. Patients suffering from CTE are characterized by intractable watery diarrhea and severe malnutrition throughout their life. They depend on total parenteral nutrition to sustain their weight and eventually small intestine transplantation. We reported the case of an infant with severe watery diarrhea and failure to thrive who was subsequently found to have a new mutation in epithelial cell adhesion molecule gene (c.657+1[IVS6] G>A). Patients with CTE require rapid diagnosis and therapy to improve their survival.

INTRODUCTION
[bookmark: OLE_LINK70][bookmark: OLE_LINK69][bookmark: OLE_LINK75][bookmark: OLE_LINK74]Diarrhea is a major cause of infant death in developing countries. Although most diarrheal diseases result from infection or inflammation, some conditions such as congenital diarrhea are problematic to cure. Congenital tufting enteropathy (CTE), an autosomal recessive disease, was first described by Reifen et al[1] in 1994. It has been estimated to occur in about 1/50000 to 100000 live births in Western Europe[2]. Higher incidence has been reported in the Arabian Peninsula due to the high degree of consanguinity[3]. Patients suffering from CTE are characterized by intractable watery diarrhea and severe malnutrition throughout their life. They depend on total parenteral nutrition (TPN) to sustain their weight[4]. Since Sivagnanam et al[5] identified epithelial cell adhesion molecule (EPCAM) as a gene for CTE, plenty of mutations of EPCAM have been found. In this case, our aim was to further characterize the clinical, histopathologic, and molecular features of CTE with a new mutation in a Chinese child.

CASE PRESENTATION
Chief complaints
A 1-year and 7-mo infant boy was admitted to our hospital with intractable watery diarrhea over 1 year.

History of present illness
The patient exhibited intractable watery diarrhea and mushy stool within 1 wk after birth, which cannot be cured by antibiotics or other treatments, and failed to thrive. From born to now, he just gained 2 kg or so in weight. Currently, he is unable to climb or speak even a word. He also suffered from a snotty nose and a slight cough.

History of past illness
The patient is allergic to contrast medium, milk, and protein. He was frequently hospitalized due to diarrhea, malnutrition, low calcium, low magnesium, and recurrent infection. He has been infused with suspended red blood cells and human immunoglobulin several times.
Personal and family history
The patient was born to a G4P2 mother at full-term gestation. His birth weight was 3200 g. His parents are Chinese and are healthy without consanguineous mating or genetic diseases. His sister presented similar symptoms and died at the age of two. He could raise his head at 3 mo, turn over at 6 mo, sit by himself at 8 mo, but to date he cannot climb or stand. Moreover, he was breastfed until 7 mo and lived off porridge mixed with extensively hydrolyzed infant formula powder.

Physical examination
[bookmark: OLE_LINK45][bookmark: OLE_LINK44][bookmark: OLE_LINK1514][bookmark: OLE_LINK1525][bookmark: OLE_LINK1587][bookmark: OLE_LINK1664][bookmark: OLE_LINK1903][bookmark: OLE_LINK1529][bookmark: OLE_LINK1934][bookmark: OLE_LINK1935][bookmark: OLE_LINK1941][bookmark: OLE_LINK1703][bookmark: OLE_LINK1827][bookmark: OLE_LINK1830][bookmark: OLE_LINK1837][bookmark: OLE_LINK1838][bookmark: OLE_LINK1828][bookmark: OLE_LINK1887][bookmark: OLE_LINK1914][bookmark: OLE_LINK1844]The patient had stable vital signs with dot long tooth. His body weight was 5700 g (-4.8 SDS) and measured 66 cm (-5.4 SDS) in height. His anterior fontanelle was unclosed (0.5 cm × 0.2 cm). The head circumference was 43 cm, similar to his chest circumference. The patient had abdominal distention short of the subcutaneous varicose vein in the abdominal wall.

Laboratory examinations
[bookmark: OLE_LINK47][bookmark: OLE_LINK46][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK17][bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK18][bookmark: OLE_LINK23][bookmark: OLE_LINK22]He exhibited mild anemia (hemoglobin 86 g/L, normal range 110-160 g/L), hypocalcemia (total calcium 1.65 mmol/L, normal range 2.25-2.75 mmol/L), hypomagnesemia (magnesium 0.46 mmol/L, normal range 0.87-1.12 mmol/L), and an infection in the upper respiratory tract. Also, he had mild functional abnormalities in the liver. However, his 25-OH vitamin D3, vitamin B12, folic acid, trace elements, parathormone level, immunoglobulin level, and stool tests showed normal results.

Imaging examinations
[bookmark: OLE_LINK89][bookmark: OLE_LINK88][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK49][bookmark: OLE_LINK48][bookmark: OLE_LINK52][bookmark: OLE_LINK50][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Doppler echocardiography showed congenital heart disease (atrial septal defect) and mild tricuspid regurgitation. The ultrasound reads for liver, bile, pancreas, spleen, and blood vessels were normal. Enteroscopy showed roughly normal small intestine mucosa. Histopathological findings of jejunal biopsies using light microscopy showed enterocytes with focal resembling tufts when stained with hematoxylin and eosin (Figure 1A). Microvilli sparse and vacuolar degeneration of epithelial cells were reported by small intestine biopsy (Figure 1B). Whole-exome sequencing showed a novel homozygous splice mutation (c.657+1[IVS6] G>A) in the EPCAM gene from the patient. By contrast, both parents had heterozygous mutations. The patient’s RNA was extracted and subjected to reverse transcription polymerase chain reaction (PCR) amplification. This was followed by direct sequencing of the EPCAM target site in the patient’s cDNA. The sequence analysis results showed that exon 6 was lost through mutation (Figure 1C1 and C2).

FINAL DIAGNOSIS
Congenital tufting enteropathy ([OMIM] 613217).

TREATMENT
[bookmark: OLE_LINK61][bookmark: OLE_LINK60]From the first day, the patient received TPN with electrolyte and trace elements through peripherally inserted central venous catheters. To accelerate weight gain, recombinant human growth hormone (0.05 mg/[kg·d]) was prescribed. Moreover, the patient was administered with symptomatic treatments for vomiting, tetany and an infection in the upper respiratory tract.

OUTCOME AND FOLLOW-UP
After 2 mo in the pediatric department, the patient gained up to 2800 g in weight (total body weight was 8500 g) and was fit for the small intestine transplantation.

DISCUSSION
Patients with CTE usually present with onset of intractable diarrhea during early infantile period, severe malnutrition, and TPN dependence which leads to inevitable complications such as abnormal liver function, vascular complications, and infections. Small intestine transplantation is the only available treatment[4]. Currently, the minimum age for small intestine transplantation for CTE infants is 2.5 years old[3]. 
The current diagnostic criteria for CTE include total or partial villus atrophy, crypt hyperplasia and epithelial tufts composed of enterocytes in the small intestine.  Evidence of inflammation and infection are not visible during diagnosis[6]. The histopathological findings of our patient were typical, but these features are nonspecific and can be seen in other enteropathies.
[bookmark: OLE_LINK73][bookmark: OLE_LINK82][bookmark: OLE_LINK81][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK85][bookmark: OLE_LINK84][bookmark: OLE_LINK32][bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: OLE_LINK29][bookmark: OLE_LINK28]Proper CTE diagnosis requires a differential diagnosis for other congenital diarrheal disorders (CDDs, [OMIM] 251850) including microvillus inclusion disease (MID, [OMIM] 251850), chloride diarrhea, sodium diarrhea, enteroendocrine cell dysgenesis, abetalipoproteinemia among others. CDD can be classified into four categories based on alteration in absorption and transport of nutrients and electrolytes, enterocyte differentiation and polarization, enteroendocrine cell differentiation, and intestinal immune response modulation[7]. MID shows a similar onset and blunted villi as that of the CTE and both of them are related to the differentiation and polarization in enterocyte. However, the presence of apical inclusion bodies as opposed to surface apical tufts in enterocytes distinguishes MID from CTE at the pathological level[8]. Meanwhile, they have different virulence genes. Children with MID have mutations in MYO5B, STX3, and STXBP2 while have changes in EPCAM with CTE[8].
[bookmark: OLE_LINK56][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK51][bookmark: OLE_LINK68][bookmark: OLE_LINK67]EPCAM, also known as TACSTD1 or CD326, is a 40 kDa transmembrane glycoprotein consisting of the extracellular domain, single transmembrane domain, and intracellular domain. It plays an important role in cell signaling, proliferation, differentiation, and formation and maintenance of organ morphology[9,10]. The EPCAM gene was identified to be associated with CTE by Sivagnanam et al[5]. Since then, more than 40 EPCAM mutations have been discovered[5,6,11]. There are four types of EPCAM knockout mice globally, suggesting that the phenotype is similar to the symptoms in human beings[12,13]. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK21][bookmark: OLE_LINK20]The virulence gene for CTE in EPCAM was classified into four parts: Chromosomal deletion, non-coding/splicing, frameshift/truncation, and missense mutation[6]. Among them, the mutations c.491+1G>A, c.492-2A>G, c.556-14A>G, c.498insC, and c.499dupC appeared most frequently, manifesting in more than five people. All CTE patients presented with severe persistent diarrhea in the first months after birth. They exhibited stunted growth. Some patients had complications such as cardiomyopathy, arthritis, facial deformity, choanal rectal, and or esophageal atresia, which were not associated with EPCAM mutations[2,14-16]. These complications may be associated with other gene mutations or arise as the disease progresses. A study by Al-Mayouf et al[16] reported that CTE patients are prone to chronic arthritis. The patient's clinical manifestation and auxiliary examination accord with the CTE diagnosis. Genetic studies revealed a homozygous mutation c.657+1G>A in the EPCAM gene, which was inherited from the father and mother, respectively. This mutation is a novel splice mutation that resulted in the loss of the exon 6. It was speculated that his sister may have died at the age of two years with similar symptoms caused by the same mutation. To rapidly achieve the required bodyweight for small intestinal transplantation, the patient was treated with TPN combined with human growth hormone.

CONCLUSION
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Congenital tufting enteropathy is a rare disease in Chinese families having reported one case in recent past[17]. This research reports a new case bringing the total cases in the country to two. Patients with CTE require rapid diagnosis and therapy to improve their survival. Advancement in diagnostic techniques such as histological investigation, whole-exome sequencing will enhance the early prognosis of the disease. Besides, progress in small intestine transplantation implies that CTE patients are bound to live longer.
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Figure Legends
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Figure 1 Histology and whole-exome sequencing and analysis. A: Histopathological findings by light microscopy: hematoxylin and eosin staining revealed enterocytes with focal resembling tufts in the patient’s jejunal biopsies (healthy mother was used as a control); B: Histopathological findings by electron microscope: Electric mirror reports microvilli sparse and vacuolar degeneration of epithelial cells; C1: Whole-exome sequencing showing a novel homozygous splice mutation (c.657+1[IVS6]G>A) in the epithelial cell adhesion molecule gene in the patient; C2: Sequence analysis results showing the loss of exon 6 through mutation.
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