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INTRODUCTION: Congenital chloride diarrhea (CLD) is a rare autosomal recessive disorder characterized by watery diarrhea with a
high level of fecal Cl−, metabolic alkalosis, and electrolyte alterations. Several intestinal and extraintestinal complications and even
death can occur. An optimal knowledge of the clinical features and best therapeutic strategies is mandatory for an effective
management.
METHODS: Articles published between 1 January 1965 and 31 December 2019, reported in PUBMED and EMBASE, were evaluated for a
systematic review analyzing four categories: anamnestic features, clinical features, management, and follow-up strategies.
RESULTS: Fifty-seven papers reporting information on 193 CLD patients were included. The most common anamnestic features were
positive family anamnesis for chronic diarrhea (44.4%), consanguinity (75%), polyhydramnios (98.3%), preterm delivery (78.6%), and
failure to pass meconium (60.7%). Mean age at diarrhea onset was 6.63 days. Median diagnostic delay was 60 days. Prenatal diagnosis,
based on molecular analysis, was described in 40/172 (23.3%). All patients received NaCl/KCl-substitutive therapy. An improvement of
diarrhea during adulthood was reported in 91.3% of cases. Failure to thrive (21.6%) and chronic kidney disease (17.7%) were the most
common complications.
CONCLUSIONS: This analysis of a large population suggests the necessity of better strategies for the management of CLD. A close
follow-up and a multidisciplinary approach is mandatory to manage this condition characterized by heterogeneous and multisystemic
complications.
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IMPACT:

● In this systematic review, we describe data regarding anamnestic features, clinical features, management, and follow-up of CLD
patients obtained from the largest population of patients ever described to date.

● The results of our investigation could provide useful insights for the diagnostic approach and the management of this condition.

INTRODUCTION
Congenital chloride diarrhea (CLD) is an autosomal recessive disease
characterized by lifelong watery diarrhea of prenatal onset with high
fecal Cl− concentration caused by mutations in solute carrier family
26, Member 3 (SLC26A3) gene that encodes for the Cl−/HCO3

−

exchanger.1 The absence of SLC26A3 results in an acidification of
the gastrointestinal (GI) tract fluids and in a reduction of fluid
absorption that leads to a high volume of watery diarrhea with a Cl−

content >90mM and development of metabolic alkalosis with
secondary hyper-reninemic hyperaldosteronism.2,3 The SLC26A3 is
expressed in many parts of the human body and this could lead to
the occurrence of many extraintestinal complications, especially
when it remains untreated and undiagnosed for a long time.1

The incidence of CLD seems to be underestimated. While most
cases arise from countries where there is a high rate of
consanguinity (Saudi Arabia, Kuwait) or where there are high rates
of carriers of the same mutation due to founder effect (Finland,

Poland, and Japan), single cases could appear worldwide.4–6

Abnormal fluid transport may begin in utero manifesting with
polyhydramnios and bowel dilatation.7 Then, soon after birth,
patients usually present with severe diarrhea that typically, within a
few days, leads to severe dehydration and serum electrolyte
imbalance. In the vast majority of cases, patients require hospitaliza-
tion and prompt rehydration.8 For all these reasons, an optimal
knowledge of all CLD clinical features and best therapeutic strategies
is mandatory for an effective management of these patients. We
conducted a systemic review on these aspects, and reported data on
CLD patients described so far.

METHODS
Data source
We conducted a systematic review in PUBMED and EMBASE using
the following keywords: congenital chloride diarrhea, congenital
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chloride-losing diarrhea, congenital chloridorrhea, congenital
diarrheal disorders, intractable diarrhea, neonatal onset diarrhea,
and SLC26A3.
All articles published between 1 January 1965 and 31 December

2019 were included without linguistic or geographical restriction.
We searched for papers describing CLD patients’ features; we

excluded review articles. The inclusion criteria included patient’s
description with a sure CLD diagnosis based on fecal Cl− >90
mmol/L and fecal cationic gap F-Na+ + K+ < Cl– and/or mutations
of SLC26A3 gene.2

Cases from all included studies were evaluated and analyzed.

Data extraction, evaluation, and synthesis
Study selection followed PRISMA flow diagram (Fig. 1). A total of
229 papers were evaluated. Three researchers independently
judged the study eligibility. Data extraction from individual studies
was performed in triplicate. All potential differences in data
extraction were discussed between authors, and resolved. After
reading titles, abstracts, and eliminating duplicates, 57 papers
were selected and assessed by the authors.

Data extraction
We analyzed each of the retained studies to create our own
database.
Four different categories were analyzed:

1. The first included familial anamnestic features: the presence
of consanguinity, positive familiar anamnesis for chronic
diarrhea, prenatal ultrasound (US) and/or magnetic reso-
nance imaging (MRI) findings, gestational age at delivery,
mode of delivery, birth weight, presence of abdominal
distention, failure to pass meconium, and any additional
perinatal/neonatal problem.

2. The second category described clinical features of CLD
patients: stool pattern, fecal electrolytes, serum Na+, K+, Cl−,
pH, HCO3

−, renin, and aldosterone levels.
3. The third category described the CLD management:

hospitalizations before diagnosis, referral diagnosis, age at
CLD diagnosis, time between diarrhea onset and definitive
CLD diagnosis, diagnostic tests, and therapeutic approaches
adopted.

4. The fourth category described the follow-up data: compli-
ance to therapy, length of follow-up, change in the stool
pattern, body growth, and the occurrence of complications.

Data collection and analysis
In each included paper, we evaluated all categories and variables.
For each variable, we reported the total of cases in which that
variable was available; when a variable was not described, it was
considered as “not valuable”.
All data were collected in a dedicated database and analyzed

by a statistician using SAS® for Windows release 9.4 (64-bit) or
later (SAS Institute Inc., Cary, NC, USA) or SPSS for Windows (SPSS
Inc., version 23.0, Chicago, IL). Categorical data were presented
with numbers and percentages, and continuous data were
reported as mean/median and range, according to the statistical
distribution.

RESULTS
Fifty-seven papers reporting a total of 193 cases were included in
the study.6,9–64 The main anamnestic features of CLD patients are
depicted in Table 1. Consanguinity and positive family anamnesis
for chronic diarrhea were observed in >40% of cases; in particular,
in nine cases, a family history of fatal neonatal onset chronic
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Fig. 1 The flow diagram of studies identified in the systematic review. PRISMA template [preferred reporting items for systematic reviews
and meta-analyses].
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diarrhea was reported,30,32,41,43,49,61 and in one of them, CLD was
diagnosed postmortem.11 Prenatal evidence of bowel-loop dilata-
tion and polyhydramnios was demonstrated in 69/84 (82.1%) and
in 118/120 (98.3%) of cases at 29 weeks of gestation (ranged from
22 to 35) and at 30 weeks of gestation (ranged from 22 to 38),
respectively, by the results of US and/or MRI.11,14,45,47,50

Prematurity and low birth weight were observed in the majority
of cases. Failure to pass meconium was observed in 68/112
(60.7%) of the cases, and 122/145 (82.7%) presented abdominal
distention at birth. Explorative laparotomy was performed in 12
cases,6,13,15,22,31,32,34,64 but in only 4 cases, they found obstruction
due to malrotation13,15 or volvulus.32 Additional perinatal pro-
blems included meconium-stained amniotic fluid,10,58 atrio-
ventricular septal defect,12 perinatal sepsis,13,22,64 lip and cleft
palate,41 jaundice,41–43,64 inguinal hernia,43 deafness,43,62 transient
tachypnea,47 respiratory distress syndrome,52,64 bilateral hydro-
celes,54 convulsion,64 and pregnancy complicated by
chorioamnionitis.57

Regarding clinical features, the age at diarrhea onset was
described in 108 patients, the median was 1 day (mean 6.63 days,
ranged 1–90 days). Stool pattern prior to the start of therapy was
described in 181 patients and was characterized by a median of
5.6 (mean 5.9, ranged 2–17) watery bowel movements/day. The
abnormal Na+, K+, and Cl− serum level at diagnosis was reported
in 99/113 (87.6%), 101/115 (87.8%), and 77/115 (66.9%) of cases,
respectively. The abnormal serum renin and aldosterone levels at
diagnosis were observed in 86/86 (100%) and metabolic alkalosis
in >95% of cases (93/96).
Regarding the features of CLD management, the number of

hospitalizations before diagnosis was described in 23 CLD patients
with a median of 3 hospitalizations (mean 3.6). CLD was the
referral diagnosis in 123/165 (74.6%) cases, whereas diarrhea of
unknown origin, cystic fibrosis, Bartter’s syndrome, and food
allergy were the referral diagnoses in 21/165 (12.7%), 1/165 (0.6%),
18/165 (11%), and 2/165 (1.2%), respectively. Median age at
diagnosis was 60 days (mean 426.79 days, ranged from in utero
diagnosis to 12 years). In 40/172 (23.3%), the diagnosis was
obtained in utero (based on invasive molecular analysis), in 56/172
(32.5%) during the first 30 days of life, in 39/172 (22.7%) between
30 days and 6 months, and in 37/172 (21.5%) after the sixth month

of age. Data from 172 patients revealed a median time between
diarrhea onset and definitive CLD diagnosis of 60 days (mean
419 days, ranged from 2 days to 12 years). Molecular diagnosis
was described in 102/193 cases. In Table 2, the genotypes
reported are described. All patients received NaCl/KCl-based
substitutive therapy, whereas in 51 patients, additional therapies
were adopted (Table 3). At the time of diagnosis, failure to thrive
was observed in 27/125 (21.6%) of cases, whereas psychomotor
delay alone was appraised in 11/125 (8.8%) or in combination with
failure to thrive in 5/125 (4%).
The median length of follow-up was 9 years (mean 11.15 years),

and a good compliance to NaCl/KCl supplementation was
reported in 137/150 (91.3%) cases.
The main clinical features observed during the follow-up, after

the start of therapy, are given in Table 4. Serum electrolyte
balance and diarrhea improvement were reported in 105/115
(91.3%) and 166/177 (93.7%) of cases, respectively. During follow-
up and after the start of therapy, weight and length below the
third percentile were apprised in 13/125 (10.4%), while psycho-
motor delay was reported in 8/125 (6.4%). Renal problems were
reported in about 33/181 (17.7%) of cases;6,21,28,31,35,38,43,46,62,64 in
10/181 (5.5%), the necessity of dialysis or transplant was
described.21,35,46,55,61,62

During the follow-up, the following conditions were reported: GI
disorders (celiac disease,31 volvulus,33,57 soiling,62,64 Giardia
lamblia infection,44 megacolon,6 intussusception,55 inguinal
hernia,62,64 and inflammatory bowel diseases62), neurological
problems (migraine,62 epilepsy62), psychiatric disorders (Asperger
syndrome,51 tic disorder,6 dysgraphia,6 eating disorders,62 atten-
tion- deficit hyperactivity disorder,6 and anxiety6), genital dis-
orders (infertility,62 spermatocele62), and renal disorders (Bartter
syndrome,43 enuresis,6,62,64 and uremia62). Additionally, cases of
endocarditis,21 growth hormone deficiency,

6 hypertension,6,62

hyperuricemia,61,62,64 allergic diseases,62 gouty arthritis,62 mild
hearing defect,62 and enamel defect62,64 have been reported.
In eight women, 15 uneventful pregnancy events were

described.59,62 Two male CLD patients had offspring, one with
in vitro fertilization (IVF).62

DISCUSSION
CLD is a challenging condition because of the severity of the
clinical picture and the broad range of disorders in differential
diagnosis.8 Early diagnosis is essential for an effective manage-
ment.44 In fact, if untreated, the CLD-associated metabolic
imbalance together with severe dehydration is usually lethal
during the first few months of life.

Diagnosis
As supported by our findings, the main “red flags” could be
positive familiar anamnesis for consanguinity and severe early-
onset chronic diarrhea with prenatal evidence of dilated bowel
loops even at the end of the second trimester, polyhydramnios,
prematurity, and low birth weight. Up to 100% of CLD presented
with ≥1 of such features, and 95% presented with ≥2. Altogether,
the presence of such features should strongly suggest the
necessity of a careful diagnostic workup and genotyping.
Molecular analysis is an efficient diagnostic tool and should be
considered as a means of early diagnosis of CLD, especially when
the clinical diagnosis remains uncertain, and should be expanded
to close relatives.65–67

A multigene next-generation sequencing panel to evaluate
congenital diarrheal disorder-related genes is the best option and,
in the case of novel mutation, should be supplemented by
phylogenic studies and functional analysis.66

The knowledge of this disease has improved during the years;
before 2000, the median diagnostic delay was of 309 days; from
2000 to nowadays, it is of 60 days. However, from our subanalysis,

Table 1. Main anamnestic features of CLD patients.

Variable, number of cases in
which the data were available

Variable
subclassification/status

Results

Polyhdramnios (N= 120) 118 (98.3%)

Fetal bowel-loop dilatation
(N= 84)

69 (82.1%)

Consanguinity (N= 112) 84 (75%)

Failure to pass meconium
(N= 112)

68 (60.7%)

Positive familiar anamnesis for
chronic diarrhea (N= 108)

48 (44.4%)

Mode of delivery (N= 43) VD 22 (51.2%)

CD 21 (48.8%)

Gestational age at delivery
(N= 129)

28–32 weeks 19 (14.8%)

32–37 weeks 81 (62.8%)

37–42 weeks 29 (22.4%)

Birth weight (N= 122) <1.000 g 1 (0.9%)

1.000–1.500 g 5 (4.1%)

1.500–2.500 g 86 (70.5%)

2.500–3.999 g 30 (24.5%)

CD cesarean delivery, VD vaginal delivery.
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Table 2. Genotypes described in the study population.

Type of mutation Mutations Frequency Origin

Deletion 84/204 (41.2%) c.951–953delGGT
Val317del

71 (34.8%) Finland9,62

c.344del
Ile115Thrfs

2 (1%) Finland,62 Lithuania7

c.971+ 3_c.971+ 4delAA
Intron8

2 (1%) Tunisia16

c.1148–1149delTA
exon 6

2 (1%) Spain29

c.1342_1343del
Leu448Lysfs

2 (1%) Japan6

c.1007_1008insT
Phe336Phefs

2 (1%) Japan6

c.1652delT
Phe551Serfs

2 (1%) Israel12

c.1295delT
Leu432Argfs

1 (0.4%) Hungary13

Nonsense 73/204 (35.8%) c. 559G > T
p. Gly187X

66 (32.5%) Tunisia,64 Israel,16 Turkey,17 Africa,25 and Saudi

c.2132T > G
Leu711X

4 (1.9%) Arabia51, Italy32,51

c.1736C > T
Arg579X

2 (1%) Iran46

c.1387C > T,
Arg463X

1 (0.4%) China56

Missense 29/204 (14.2%) c.1621T > A
Ile544Asn

4 (1.9%) Vietnam44

c.1483C > A,
Gln495Hys

3 (1.5%) China,34 Italy56

c.1039G > A
p.Ala347Thr

2 (1%) China11

c.1177G > T
GLly396Trp

2 (1%) Mexico19

c.626A > C
His220Pro

2 (1%) Spain29

c.392C > T
Pro131Leu

2 (1%) Japan45,49

c.392C > G
Pro131Arg

2 (1%) United States,48 Japan6

c.1644C > G
Asn548Lys

2 (1%) Japan6

c.358G > T
Gly120Cys

2 (1%) Japan6

c.386C > T
Pro129Leu

2 (1%) Italy51

c.272G > T
Gly91Val

2 (1%) India52

c.1954G > A
Asp652Asn

2 (1%) Turkey54

c.1043T > A
Met348Lys

1 (0.4%) Japan6

c.525G > C
p.Arg175 Ser

1 (0.4%) Korea26

Splicing 12/204 (5.8%) c.2063-1 G > T
splicing

8 (4%) Korea,26 Japan45

c.1408G > C
splicing

2 (1%) Japan6

c.888+ G > A
splicing

1 (0.4%) Italy51

c.1677G > C
splicing

1 (0.4%) Japan6

Duplication 6/204 (3%) c.2024_2026dupTCA
p.Ile675_Arg676insLeu

6 (3%) Hungary,13 Denmark,15 Turkey,28 and Lithuania7
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in high CLD-prevalence countries (Saudi Arabia, Poland, Japan,
Korea, Finland, and Kuwait), the median diagnostic delay is
60 days; in the rest of the world, the disease is still misdiagnosed
with a median diagnostic delay of 217 days.
A CLD case could be observed everywhere in the world. Our

data further confirm the importance of better CLD knowledge
among gynecologists, neonatologists, pediatricians, gastroenter-
ologists, and nephrologists. Early-onset watery diarrhea with fecal
Cl– content >90mM, together with the previously reported
anamnestic and perinatal features, should drive a fast and careful
diagnostic workup including the genotyping. However, as
suggested also by others,28,40,47 it could be preferable to repeat
the measurement of the Cl− fecal level in patients with a strong
suspect of CLD but with an unexpected low Cl− fecal level due to
severe dehydration. In such cases, it could be preferable to repeat
the measurement of fecal Cl− soon after the resolution of
dehydration.

Management
Soon after diagnosis, life-saving NaCl/KCl salt-substitution therapy
is able to protect the patient from dehydration, hypoelectrolyte-
mia with activation of the renin–aldosterone system, and from
other frequent complications of untreated CLD observed in our
study, such as failure to thrive, chronic kidney disease, and
psychomotor delay.68

Several additional treatments have been described in CLD
patients, with butyrate and cholestyramine resulted effective in
reducing the diarrhea severity in the majority of cases.
Butyrate may act efficiently on either fecal ion loss, or on the

severity of diarrhea in CLD patients through the stimulation of
Na+/H+ exchangers 2 (NHE2) and 3 (NHE3) activity, and the
inhibition of Na–K–2Cl cotransporter on enterocyte.34,51

In addition, it has been demonstrated in CLD patients that
butyrate is able to modulate the expression of the two main
intestinal Cl− transporters: the downregulation in adenoma
exchanger (DRA) and the putative anion transporter 1 (PAT-
1).34,51 It has been suggested that the cholestyramine efficacy in
CLD patients may be due to its ability to bind bile acids that reach
the colon with increased ileal effluent and stimulation of
additional Cl− secretory response.2 More studies are advocated
to better elucidate the mechanisms of action and the long-term
efficacy of such compounds in CLD management.
Physicians should pay attention to supplementation therapy.

Salt substitution should be administered based on age and body
weight, and adjusted based on urine Cl−, serum electrolyte level,
and acid–base status.68 CLD patients should always be up to date
with vaccination to avoid infections that may cause life-
threatening dehydration.68 Auxological parameters and neurop-
sychological development should be evaluated regularly. We
found a high rate of neuropsychomotor disorders in CLD patients.
The origin of such conditions is still poorly understood.
As reported by others,44 we did not observe any relevant

genotype/phenotype relationship.
The poor compliance to therapy and the diagnostic delays were

the two most important negative prognostic factors; in these
patients, high rates of failure to thrive, psychomotor delay, and
renal impairment have been apprised.
In adult patients, an important aspect in the CLD clinical

management is not only adequate substitutive therapy but also
monitoring and treating intestinal and extraintestinal complica-
tions such as chronic kidney disease, hyperuricemia, spermato-
celes, and inflammatory bowel diseases.62,68 These conditions
could derive from dysfunctional SLC26A3-mediated anion trans-
port in the different tissues. In addition, the absence of SLC26A3
has been associated with higher expression of tumor necrosis
factor-α in intestinal mucosa,69 and SLC26A3 has been described
as a susceptibility locus for ulcerative colitis.70 This primary
evidence should be investigated in order to define the risk of IBD
in this population that is still unclear.
Of note, chronic kidney disease, derived mainly from chronic

blood-volume restriction,68 requesting dialysis and/or renal
transplant, was described in >5% of cases. This suggests the
importance of a careful assessment of renal function during the
follow-up of CLD patients performed by a gastroenterologist and a
nephrologist.68 In addition, physicians should pay attention
including on psychological disorders that may appear later in
adulthood; they could compromise the ability and safety of self-
administering NaCl/KCl71 (Fig. 2).

Table 3. Additional therapies adopted in CLD patients.

Drug Dose Responders

Proton-pump inhibitors 1 mg/kg/day 3/20

Butyrate 100mg/kg/day 9/18

Captopril – 1/1

Prednisolone 1.5 mg/kg/day 2/2

Spironolactone – 1/1

Cholestyramine 2 g/day 8/8

Loperamide – 0/2

Table 4. Main clinical features of CLD patients after the start of therapy during the follow-up.

Variable, number of cases analyzed Variable subclassification/status Results

Serum electrolytes (N= 177) Full recovery 166 (93.7%)

Persistence of abnormal values 11 (6.3%)

Severity of diarrhea (N= 115) Improved 105 (91.3%)

Not improved 10 (8.7%)

Failure to thrive (N= 125) Present at diagnosis and improved 14 (11.2%)

Present at diagnosis and not improved 13 (10.4%)

Absence of failure to thrive at diagnosis 98 (78.4%)

Psychomotor delay (N= 125) Present at diagnosis and improved 3 (2.4%)

Present at diagnosis and not improved 8 (6.4%)

Absence of psychomotor delay at diagnosis 114 (91.2%)

Chronic kidney disease (N= 181) Dialysis or transplant 10 (5.5%)

Stage I and II chronic kidney disease 23 (12.7%)

Absence of kidney disease at diagnosis 148 (81.8%)
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In conclusion, we provided information on a large number of
CLD patients with heterogeneous genotypes observed in different
countries. Previous reviews were based on a smaller number of
patients and limited to a specific geographic area.1,62–64

The results of our investigation could provide useful insights for
the diagnostic approach and the management of this condition
from prenatal life to adulthood.
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