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Abstract: Sodium-taurocholate cotransporting polypeptide (NTCP) deficiency is a newly reported 
hereditary bile acid metabolic disease. Here we describe the clinical characteristics of 12 cases of pediatric 
NTCP deficiency, as well as review 60 previously reported cases in the literature in order to provide better 
guidance for pediatricians. The clinical records, laboratory and imaging data were collected of 12 cases 
who were treated at the pediatric infectious disease department of the West China Second University 
Hospital of Sichuan University, China, from December 2018 to July 2020. PubMed and Wanfang 
databases were searched and 11 studies including 60 pediatric NTCP deficiency patients from January 
2015 to November 2020 were retrieved. In our center, there were 4 girls and 8 boys, with a median age at 
admission of 9.9 months (range, 2.2 to 70 months). Six patients (50%) had prolonged neonatal jaundice. 
All of the patients (12/12; 100%) had normal growth and development. The reason for the first visit was 
prolonged neonatal jaundice (4/12, 33.3%), non-liver related diseases (6/12, 50%) and routine checkup 
(2/12, 16.7%). Hypercholanemia was documented in 12/12 (100%), elevated aspartate aminotransferase 
(AST) in 6/12 (50%), and elevated alanine aminotransferase (ALT) in 1/12 (8.3%). All of the patients 
(12/12; 100%) had homozygous mutations of c.800C>T in SLC10A1. Sixty patients (22 girls and 38 boys) 
were included in the literature review; 36 (60%) had hyperbilirubinemia after 1 month. The reasons for 
testing for hypercholanemia were identified in 47/60 cases, and included prolonged neonatal jaundice and 
neonatal transient cholestasis in 26 (26/47, 55.3%); non-liver related diseases in 14 (14/47, 29.8%); routine 
medical examination in 3 (3/14, 6.4%); volunteer recruitment in 1 (1/14, 7.1%); dark urine in 1 (1/47, 
2.1%). Hypercholanemia was confirmed in 60/60 (100%); 31 (51.7%) had elevated AST, and 10 (16.7%) 
had elevated ALT. Among 59 Chinese patients, 52 (88.1%) had homozygous mutations of c.800C>T in 
SLC10A1. The most common symptom of pediatric NTCP deficiency is jaundice. NTCP deficiency can 
also be detected during routine check-ups. The common biochemical features are hypercholanemia and 
elevated AST. Screening for c.800C>T mutation in SLC10A1 is useful for primary genetic screening in 
Chinese infants with persistent hypercholanemia after infectious, structural, and immunological factors are 
excluded.
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Introduction

Sodium-taurocholate cotransporting polypeptide (NTCP) 
is encoded by the solute carrier family 10 member 1 
(SLC10A1) gene with a total length of 23 kbp, localized in 
chromosome 14q24.2, which contains 5 exons. The protein 
product NTCP is composed of 349 amino acid residues, 
with a molecular weight of 38 kDa (1). NTCP is localized 
at the basolateral membrane of hepatocytes. It is a sodium-
dependent transporter that is involved in the transport of 
bile acids from the blood to the hepatocytes in order to 
maintain the uninterrupted enterohepatic circulation of bile 
salts, and its deficiency leads to elevated levels of circulating 
bile acids (hypercholanemia). The clinical and biochemical 
influences of hypercholanemia are not fully understood. As 
of November 2020, a total of 60 cases of pediatric NTCP 
deficiency had been reported in 11 studies. The common 
feature is hypercholanemia without obvious symptoms and 
the mode of inheritance is autosomal recessive. However, 
the clinical features need to be further defined, especially 
in pediatric patients, in order to promote early recognition 
and avoid unnecessary intervention and anxiety. Herein, 
we reported 12 cases of pediatric NTCP deficiency to 
determine the clinical features and review the previous 
cases in the literature to identify additional common 
characteristics. We present the following case in accordance 
with the CARE reporting checklist (available at http://
dx.doi.org/10.21037/tp-20-360).

Case presentation

Methods

Patients
A retrospective, observational case series study involving 
12 children with NTCP deficiency and SLC10A1 gene 
mutation was conducted at the pediatric infectious disease 
department of the West China Second University Hospital 
of Sichuan University, China. The clinical research registry 
number is ChiCTR2000040305. All procedures performed 
in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient’s legal guardian.

All the patients under the age of 18 years who were 
hospitalized for persistent hypercholanemia and diagnosed 
by gene sequencing with homozygous mutations of 
SLC10A1 from December 2018 to July 2020 were included. 

Patients with infectious, structural, and immunological 
cholestasis were excluded. The clinical records, laboratory 
data and imaging data were collected retrospectively 
and analyzed. The follow-up duration ranged from 1 to  
45.2 months.

Data collection and literature retrieval
Baseline patient characteristics including sex, date of 
admission, age and weight at admission, gestational age, 
birth weight, reason for visit, family history, and past 
history and clinical presentation, including the presence 
of jaundice, pruritus, and steatorrhea, color of stools, and 
developmental milestones were examined. Additional 
laboratory data included alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), γ-glutamyl transpeptidase 
(GGT), alkaline phosphatase (ALP), total bilirubin (TB), 
direct bilirubin (DB), albumin (ALB), total bile acid (TBA), 
25-hydroxy vitamin D (VD), and blood ammonia (NH3) 
levels, results of viral panels [hepatitis A, B, C, and E, 
human immunodeficiency virus (HIV), Epstein-Barr virus 
(EBV), and cytomegalovirus], and autoimmune hepatitis 
screen. Imaging data included fasted transabdominal 
ultrasound and genetic data included next generation 
sequencing (NGS) for inherited metabolic liver disorders, 
including 573 related genes (Table S1; website: https://
pan.baidu.com/s/1-45A2hrGNnwYmGCIynkHdg; code: 
rmjf) and verification of mutations by Sanger sequencing. 
The PubMed and Wanfang databases were searched 
using (sodium taurocholate cotransporting polypeptide 
or sodium-taurocholate cotransporting polypeptide or 
Na+-taurocholate cotransporting polypeptide or NTCP) 
and (child or children or pediatric or pediatrics). Clinical 
features and laboratory data of previous NTCP deficiency 
patients were collected from the relevant pediatric NTCP 
deficiency studies.

Statistical analysis
Statistical analysis was performed with SPSS software, 
version 23.0 (IBM Corp., New York, NY, USA). 

Results

Patient characteristics
A total of 12 patients, 4 girls and 8 boys, sorted by 
admission date as Patient 1 (P1) to Patient 12 (P12), 
were included. All of them are Chinese. Serum TBA is 
routinely measured in liver function tests in some hospitals 
in China, and liver function tests are routinely performed 
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for hospitalized patients and for pre-school children 
before entering school. As our hospital is a tertiary 
pediatric center, hypercholanemia was firstly detected 
in the patients at their local hospitals. The median age 
of the cohort at the time of admission to our center was  
9.9 months (range, 2.2 to 70 months). Patients P1–5, 
P7–P9, and P11–P12 were full term. The gestational 
ages of patients P6 and P10 were 34 weeks plus 2 days 
and 36 weeks plus 3 days. The birth weights ranged 
from 2.10 to 4.20 kg (median: 3.15, IQR: 0.85). The 
birth weights were from the third to the ninety seventh 
percentile around the median for the same gestational 
age and sex according to the 2015 percentile curves for 
Chinese neonatal birth weight for gestational age. The 
mothers of P1 and P10 had intrahepatic cholestasis 
during pregnancy. No other relevant pregnancy history 
was found for the other mothers. P4 was adopted by the 
present adoptive parents, and the history of pregnancy 
and delivery could not be obtained. P1, P3, P4, P5, P6, 
and P10 had prolonged neonatal jaundice, defined as 
lasting for more than 2 weeks in full term neonates and 
more than 1 month in pre-term neonates. P4 underwent 
pyloromyotomy and cholecystostomy for recurrent 
vomiting and prolonged cholestasis. The median weight 
at admission was 8.40 kg (range, 6.80 to 20.00 kg, IQR 
5.00). The weights at admission ranged from the third to 
the ninetieth percentiles around the median for the same 
age and sex according to the 2009 percentile curves for 
weight in Chinese children aged 0 to 3 and 2 to 18 years. 
The evaluation of motor and physical development of 
all the patients was normal. No symptom of pruritus or 
steatorrhea was recorded. No obvious abnormalities were 
mentioned in the physical examinations.

Clinical features
The reasons for the first visit to the local hospital was 
jaundice (4/12, 33.3%), pneumonia (4/12, 33.3%), preterm 
birth (1/12, 8.3%), acute suppurative tonsillitis (1/12, 
8.3%), and routine medical examination for enrollment 
to kindergarten (2/12, 16.7%). Laboratory abnormalities 
at  the local  hospitals  included hypercholanemia, 
hyperbilirubinemia and abnormal transaminase levels, 
especially AST. At the time of admission to our center, all 
of the patients (12/12, 100%) presented with persistent 
hypercholanemia, 6/12 presented elevated AST levels, with 
only 1 showing a >2-fold increase from the upper limit 
(normal range: 0 to 40 U/L), and 1/12 had elevated ALT, 
to <2× the upper limit value (normal range, 0 to 49 U/L). 

Two patients had hyperbilirubinemia when admitted to 
our center. Four patients (P1, P4, P11, P12) were tested 
for serum 25-hydroxy vitamin D level; 1 of them showed  
<20 ng/mL (normal range, 20 to 100 ng/mL). Blood NH3 
levels were measured in 5 patients and were slightly above 
normal (5.88 to 35.3 μmol/L) in 3. The GGT levels were 
normal except in 2 patients (P4, P5) at early infancy (Table 1). 
The other items of the liver function test, including ALP, 
ALB, globulin, triglycerides, and total cholesterol, were at 
normal levels. 

The follow-up duration ranged from 1 to 45.2 months 
(median 13 months). The TBA levels fluctuated and were 
elevated without regularity except in P6, who had a normal 
TBA level at the last follow-up (Table S2; website: https://
pan.baidu.com/s/1nJC1czxVqubn8RX9JxeDBw; code: 
dgn3). Growth and development were always normal for all 
of the patients and no other comorbidities were found.

Genetic data
Homozygous mutations of SLC10A1(c.800C>T) were 
detected in all the patients by next-generation sequencing 
and confirmed by Sanger sequencing. Homozygous 
mutations of SLC10A1(c.800C>T) were also documented 
in the mother of P1 and the parents of P10, and the other 
parents had heterozygous mutations. The father of P10 
was asymptomatic, while the mothers of P1 and P10 both 
had intrahepatic cholestasis during pregnancy. P1 and P6 
also showed homozygous mutations of UGT1A1, while 
P5 had compound heterozygous mutations of UGT1A1, 
P10 had heterozygous mutation of UGT1A1, and P3 had 
heterozygous mutation of SLC25A13 (Table 1). The other 
genes correlated with bile acid and bilirubin metabolism 
were negative.

Literature review
Eleven studies including 60 pediatric patients with NTCP 
deficiency from January 2015 to November 2020 were 
retrieved from PubMed and Wanfang databases (2-12). 
The first patient was Afghan, who was referred to the 
hospital for developmental delay. The other 59 patients 
were Chinese, and no growth or developmental delays were 
reported except two patients reported by Yan et al. (12). The 
female to male ratio was 22:38. Thirty-six patients (60%) 
had hyperbilirubinemia after 1 month of age and 3 were 
found to have citrin deficiency. Reasons for checking TBA 
were documented in 47/60 patients and included prolonged 
neonatal jaundice and neonatal transient cholestasis (26/47, 
55.3%); non-liver related diseases (14/47, 29.8%); routine 
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medical examination (3/14, 6.4%); volunteer recruitment 
(1/14, 7.1%); and dark urine (1/47, 2.1%). Serum 
biochemistry revealed hypercholanemia (60/60, 100%), 
elevated AST (31/60, 51.7%) (normal range, 0 to 40 U/L), 
and elevated ALT (10/60, 16.7%) (normal range, 0 to  
49 U/L). However, only 10 patients had >2-fold elevations 
of AST, and 6 patients had >2-fold elevations of ALT. The 
25-hydroxy vitamin D levels were checked in 19 patients 
and were <20 ng/mL (normal range, 20 to 100 ng/mL) in 
6. The long-term follow-up revealed that the first Afghan 
patient presented developmental delay but normal growth 
of height and weight. The patient also presented mild liver 
dysfunction, including mildly elevated ALT, AST, and TB. 
The fat-soluble vitamins were at a normal or slightly lower 
level. The TBA level declined with increasing age (13). 

We reviewed and summarized the baseline information 
and clinical characteristics of the patients in order to 
identify common features of NTCP deficiency. The results 
are shown in Table 2.

Discussion

NTCP deficiency is a novel condition that was first 
described in 2015 (2). Here we report 12 cases of pediatric 
NTCP deficiency from our center in order to provide 
additional information about this condition. In this series, 
the youngest age at diagnosis was 2.2 months, and the 
oldest was 70 months. More boys than girls were affected, 
and the reasons for the first visit were heterogeneous, with 
the most common being jaundice. In the younger infants, 
hypercholanemia was detected during diagnostic evaluation 
for prolonged neonatal jaundice or other acute infectious 
diseases and in the preschool children, hypercholanemia 
was detected by routine medical examination. Besides 
hypercholanemia, which was present in 12/12 patients 
(100%), the most common biochemical feature was elevated 
AST (50%), which was usually slight (<2× normal in 83.3%). 
Only 2 patients, both between the ages of 2 and 4 months, 
had hyperbilirubinemia, and no hyperbilirubinemia was 
found among patients older than 4 months. Homozygous 
mutations of SLC10A1(c.800C>T) were documented in all 
patients, and in 5/12 these mutations were combined with 
other gene mutations (including UGT1A1 and SLC25A13) 
that could influence the metabolism of bilirubin (14,15). 
All of the patients in this series had normal growth and 
development.

The general characteristics and the reason for the first 
visit in our series were in agreement with those of the 

previous studies. Most of the previously reported patients 
had normal growth and development besides the first 
Afghan patient and two Chinese patients reported by Yan 
et al. (2,12). However, the follow-up of the Afghan patient 
suggested that the developmental delay might not be 
directly related to the chronic hypercholanemia (16).The 
cause of the developmental delay remains to be explored. 
The most common biochemical features of the previous 
cases included hyperbilirubinemia as well as elevated 
AST, which differed from our series, probably because  
11/12 patients in our group had hypercholanemia for 
at least 3 months (and up to 2 years) before they were 
referred to our hospital, and by the time they were admitted 
to our center, bilirubin levels had decreased to normal. 
This suggested that the hyperbilirubinemia was self-
limiting. Four of 6 patients (66.7%) at our center who 
had prolonged neonatal jaundice displayed other gene 
mutations that could influence bilirubin metabolism, 
especially in early infancy. Thus, whether or not NTCP 
deficiency can influence the metabolism of bilirubin needs 
further study for clarification on the molecular level. The 
elevation of AST is not matched to that of ALT, which 
also needs to be investigated further. About 30.4% (7/23) 
of the present and previous patients who underwent 
25-hydroxy vitamin D testing had low (<20 ng/mL) 
25-hydroxy vitamin D levels. However, postnatal vitamin 
D supplementation is routinely recommended in Chinese 
infants, and 25-hydroxy vitamin D levels may vary based on 
different amounts of supplementation. Because the other 
fat soluble vitamins were not measured, the effect of NTCP 
deficiency on the absorption of fat-soluble vitamins remains 
to be discovered.

When NTCP deficiency mimics typical infantile 
cholestasis, it may cause erroneous suspicion of biliary 
atresia or other bile duct abnormality, prompting 
invasive examinations, such as endoscopic retrograde 
cholangiopancreatography and bile duct exploration, 
before the correct diagnosis is made. In addition, before 
the diagnosis is confirmed, some patients will take drugs 
to protect the hepatocytes and promote bile excretion that 
are not needed for NTCP deficiency. The parents may be 
unduly distressed and the patients will frequently be taken 
to multiple medical institutions. Thus, the early and correct 
identification of pediatric NTCP deficiency can prevent 
excessive intervention and build a significant database for 
follow-up, as the long term prognosis of pediatric NTCP 
deficiency remains to be studied. As the incidence of NTCP 
deficiency is thought to be 0.64% in Han Chinese and 
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1.44% in Dai Chinese (10), the majority of the cases in 
China have been missed. The jaundice is self-limiting and 
there are usually no other symptoms, and we inferred that 
another reason that it is not detected is that liver function 
tests at most hospitals do not routinely include TBA levels. 
Routine inclusion of TBA in the liver function test can 
detect hypercholanemia and identify patients for further 
screening and follow-up for NTCP deficiency. 

To date, 71 cases of pediatric NTCP deficiency have 
been reported in Chinese children, and 64 (90.1%) of 
them harbored homozygous mutations of c.800C>T in 
SLC10A1, which could represent the hot spot mutation of 
Chinese people. Screening for this mutation may therefore 
be useful as the primary genetic test for children with 
persistent hypercholanemia when infectious, structural, or 
immunological factors are excluded. Such screening could 
reduce the costs and be efficient.

In conclusion, the most common reason for visits of 
pediatric NTCP patients is jaundice, which is self-limiting. 
Pediatric NTCP deficiency might also be detected during 
routine check-ups or school physical examination if TBA 
is included with liver function tests. The hallmarks are 
hypercholanemia and mildly elevated AST, and screening 
for the c.800C>T mutation in SLC10A1 might be useful as 
the primary genetic test for Chinese children with persistent 
hypercholanemia after infectious, structural, immunological 
factors are excluded. A diagnosis of suspected pediatric 
NTCP deficiency can be made in children with self-limited 
hyperbilirubinemia and elevated AST in a setting of normal 
growth and development. Confirmation of the diagnosis 
requires genetic analysis for homozygous or compound 
heterozygous mutations of SLC10A1. Further study is 
needed to interpret the mechanisms of hyperbilirubinemia, 
elevated AST, and the absorption of fat soluble vitamins. 
We hope to have prolonged follow up with our patients, 
as the dynamic changes of childhood are important for 
identifying the pathogenesis and the prognosis of pediatric 
NTCP deficiency.
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