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ABSTRACT

Purpose: The gastrointestinal system is the most commonly affected organ, followed by 
the lungs, in patients with primary immunodeficiency disease (PID). Hence, it is common 
for children with PIDs to present with gastrointestinal symptoms. We aimed to analyze the 
clinical and histopathological findings of patients who were initially admitted to pediatric 
gastroenterology/hepatology clinics and subsequently diagnosed with PIDs to identify the 
clinical clues for PIDs.
Methods: The demographic, laboratory, and histopathological findings, treatment modality, 
and outcomes of patients initially admitted to the pediatric gastroenterology/hepatology unit 
and subsequently diagnosed with PIDs were recorded.
Results: The study included 24 patients (58.3% male; median age [range]: 29 [0.5–204] 
months). Common clinical presentations included chronic diarrhea (n=8), colitis (n=6), 
acute hepatitis (n=4), and acute liver failure (n=2). The association of autoimmune diseases, 
development of malignant diseases, and severe progression of viral diseases was observed in 
20.8%, 8.3%, and 16.6% of the patients, respectively. Antibody deficiency was predominantly 
diagnosed in 29.2% of patients, combined immunodeficiency in 20.8%, immune 
dysregulation in 12.5%, defects in intrinsic and innate immunity in 4.2%, autoinflammatory 
disorders in 8.3%, and congenital defects of phagocytes in 4.2%. Five patients remained 
unclassified (20.8%).
Conclusion: Patients with PIDs may initially experience gastrointestinal or liver problems. It is 
recommended that the association of autoimmune or malignant diseases or severe progression 
of viral diseases provide pediatric gastroenterologists some suspicion of PIDs. After screening 
using basic laboratory tests, genetic analysis is mandatory for a definitive diagnosis.
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INTRODUCTION

Primary immunodeficiency diseases (PIDs) are a heterogeneous group of inherited disorders 
characterized by poor or absent function in one or more components of the immune system, 
which predispose affected individuals to increased frequency and severity of infections, 
autoimmune diseases, and chronic inflammations [1]. PIDs have a wide spectrum of clinical 
manifestations associated with all organ systems. After the lungs, the gastrointestinal 
system is most commonly affected because it has one of the largest lymphoid organs. 
Hence, patients with PIDs commonly present with gastrointestinal symptoms or mimic 
gastrointestinal disease [2,3]. Hepatic involvement (25%) ranges from mild enzyme elevation 
to acute liver failure (ALF), sclerosing cholangitis, autoimmune hepatitis, and cirrhosis, 
which may also be initial manifestations of PIDs [3-5].

Although the number of patients diagnosed with PID is increasing, physicians still know little 
about these disorders. Many patients are referred late to specialized centers; thus, they suffer 
from complications due to chronic infections and irreversible end-organ damage before 
a definitive diagnosis is made. Therefore, pediatric gastroenterologists and hepatologists 
emphasize the need for early diagnosis of PIDs, since many patients may initially be admitted 
for gastrointestinal symptoms/findings. Therefore, we aimed to analyze the clinical findings 
of patients who were initially admitted to pediatric gastroenterology/hepatology clinics and 
subsequently diagnosed with PIDs, and to identify clinical clues for PIDs in these patients.

MATERIALS AND METHODS

The study included patients admitted to the pediatric gastroenterology/hepatology unit 
who were initially and subsequently diagnosed with PIDs over a 10-year period in Karadeniz 
Technical University, Farabi Hospital, Department of Pediatric Gastroenterology Hepatology 
and Nutrition unit. Demographic features, laboratory and histopathological findings, 
treatments, and patient outcomes were recorded.

PID was diagnosed according to a previously defined criteria [1,6]. Patients with 
familial Mediterranean fever or secondary immunodeficiency were excluded. 
Hypogammaglobulinemia is defined as a marked decrease in IgG and IgA levels, with or 
without low IgM levels, according to age [7]. Colitis was defined as the presence of bloody 
diarrhea with/without mucous, fever, abdominal pain, and compatible laboratory and 
histopathological findings [8].

Whole exome sequencing was performed using a TruSeq Exome Enrichment Kit (Illumina) 
on an Illumina HiSeq 2500 sequencer as paired-end 100-125 base-pair reads. On average, over 
95% of the exons were covered at >30x.

This study was approved by the Karadeniz Technical University Scientific Research Ethics 
Committee (2020-115). All participants provided written informed consent prior to 
participation in the study. The study was conducted in accordance with the principles of the 
Declaration of Helsinki.
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RESULTS

The study included 24 patients (58.3% male, median age [range]: 29 [0.5–204] months) from 
23 families (Table 1). The final diagnoses of the patients are shown in Fig. 1. The median time 
between initial admission and diagnosis of PIDs was 6 months (1 week–60 months).

Four patients with primary antibody deficiency (PAD) had transient 
hypogammaglobulinaemia during infancy. Two patients were admitted with acute hepatitis 
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Table 1. Demographic and clinical findings of the patients
Parameters Value (n=24)
Sex, male 14 (58.3)
Age (mo) 29 (0.5–204)
Consanguinity 6 (25.0)*
Sibling death 3 (12.5)*
Recurrent pulmonary infections 7 (29.2)
Physical findings

Severe malnutrition 5 (20.8)
Hepatosplenomegaly 10 (41.7)
Skin findings 6 (25.0)
Atypical facial appearance 4 (16.7)

Initial symptoms
Colitis 6 (25.0)
Chronic diarrhea 8 (33.3)
Acute hepatitis 4 (16.7)
Acute liver failure 2 (8.3)
Failure to thrive 1 (4.2)
FPIAP 1 (4.2)
Neonatal cholestasis 1 (4.2)
Chronic liver disease 1 (4.2)

Values are presented as number (%) or median (range).
FPIAP: food protein induced proctocolitis.
*Expressed among 23 families.

Number of patients

Neonatal cholestasis

PAD (29.2%)

CID (20.8%)

Unclassified
(20.8%)

ID (12.5%)

CDP (4.2%)

DII (4.2%)

AD (8.3%)

Number of patients

Acute hepatitis

FPLAP

Chromic liver disease

FTT

Colitis

Acute liver failure

Chronic diarrhea

Fig. 1. Sankey diagram that shows the initial symptoms and final diagnosis of patients in the study group. 
FPIAP: food protein induced allergic proctocolitis, FTT: failure to thrive, PAD: predominantly antibody deficiency, 
CID: combined immunodeficiencies, ID: immune dysregulation, CDP: congenital defects of phagocyte, DII: defects 
in intrinsic and innate immunity, AD: autoinflammatory disorders.
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(Patients #1 and #2), one with food protein-induced allergic proctocolitis (Patient #3), 
and the other with colitis (Patient #4). The etiological investigation for acute hepatitis 
was non-diagnostic in two patients, and hepatitis improved spontaneously on follow-up. 
Histopathological examination of the patient with food protein-induced allergic proctocolitis 
revealed severe eosinophilic cytopathy and plasma cell infiltration. Specific IgE for food 
allergens was negative, and the patient’s condition improved with the elimination of 
cow’s milk. Patients with colitis have recurrent pulmonary infections, bloody diarrhea, 
and hypogammaglobulinemia. Histopathological examination revealed lymphonodular 
hyperplasia and focal active colitis with mixed-cell infiltration. Hypogammaglobulinemia 
improved in all patients during the follow-up period.

Three patients had selective IgA deficiency, from which, two patients had chronic diarrhea 
(Patients #5 and #6). Laboratory and endoscopic interventions revealed giardiasis in one 
patient and celiac disease (CD) in another. Another patient was admitted with acute hepatitis 
(Patient #7), and laboratory and histopathological examinations revealed ANA-positive type-1 
autoimmune hepatitis.

Two patients with combined immunodeficiencies (CID) had syndromic features. 
One patient (Patient #8) was admitted with early onset diarrhea, woolly hair, and 
hypogammaglobulinemia. A definite diagnosis of trichohepatoenteric syndrome (THES) 
was made based on the homozygous mutation c.2122C>T(p.Gln708) in TTC37 gene. The 
other patient (Patient #9) was admitted with failure to thrive, an atypical facial appearance, 
and pigmented lesions. Laboratory examinations revealed hypogammaglobulinemia. He 
developed autoimmune thyroiditis two years later and non-Hodgkin lymphoma (NHL) three 
years later. Whole-exome sequencing revealed pathogenic variants of c.2643G>A (p.W881) in 
BLM, suggestive of Bloom syndrome.

The clinical presentations of the other three patients with combined immunodeficiency 
were colitis (Patient #10), acute hepatitis (Patient #11), and chronic liver disease 
(Patient #12). Patients with colitis exhibit Crohn-like colitis, hypogammaglobulinemia, 
hypoalbuminemia, and lymphopenia. Despite intensive treatment, the patient died of 
disseminated cytomegalovirus (CMV) disease. CD55 deficiency was ruled out by sequence 
analysis. Genetic analysis of immunodeficiencies was nondiagnostic. Another patient was 
admitted with acute hepatitis due to CMV infection, and later developed disseminated 
CMV disease. There was no response to ganciclovir; hence, treatment with foscarnet was 
initiated. Lymphocyte flow cytometry revealed a low T-CD4+ cell count and absence of 
HLA-DR expression. Genetic analysis of RFXANK revealed homozygous c.634C>T (p.R212X) 
mutations, suggesting an MHC class II deficiency. Hematopoietic stem cell transplantation 
was then performed. Patients with chronic liver disease were admitted at 12 months of age 
with hepatosplenomegaly and high liver enzyme levels. There was cholestasis in the neonatal 
period, and a diagnostic workup revealed a CMV infection. On admission, laboratory 
examination results were non-diagnostic, and liver biopsy revealed chronic hepatitis, grade 
3 fibrosis. During follow-up, she developed mucocutaneous candidiasis 6 months later, 
miliary tuberculosis 1 year later, and Hodgkin’s lymphoma 2 years later. Whole-exome 
sequencing results were non-diagnostic.

Three patients belonged to the immune dysregulation (ID) group. One patient was 
admitted with ALF (Patient #13), one with early onset diarrhea (Patient #14), and one 
with chronic diarrhea (Patient #15). The ALF was also associated with EBV infection. 
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Laboratory examination revealed anemia, thrombocytopenia, leukocytosis, and 
hypogammaglobulinemia. The patient died despite receiving intensive care. Two years later, 
his twin sister was admitted to our hospital with septic shock and died. Genetic analysis 
revealed a hemizygote, c.137+5G>A(IVS1+5G>A) in SH2D1A. Patients with early onset diarrhea 
had hyponatremia, pancytopenia, hepatosplenomegaly, and cranial MR findings compatible 
with hemophagocytosis. Whole exome sequencing revealed a c.902+5G>A (IVS10+5G>A) 
homozygous mutation in STXBP2, indicating familial hemophagocytic lymphohistiocytosis 
type 5 (FHL-5). She underwent hematopoietic stem cell transplantation but died due to 
septicemia during the previous transplantation period. The patient with chronic diarrhea 
presented with eczematous lesions, elevated IgE levels, and food allergies (wheat and 
legumes). Endoscopic and histopathological examinations revealed focal active duodenitis, 
ileitis, and eosinophilic pancreatitis. Whole-exome sequencing revealed c.1190G>A(p.
Arg397Gln) in FOXP3 gene.

A patient with defects in intrinsic and innate immunity (Patient #16) was followed-up in the 
endocrinology department due to suspected metabolic bone disease and was subsequently 
admitted with ALF. On follow-up, she developed recurrent ALF attacks, and laboratory 
examinations revealed hypogammaglobulinemia. Whole exome sequencing revealed a 
homozygous c.1556T>A (p.Val519Glu) mutation on NBAS gene.

One patient (Patient #17) with an autoinflammatory disorder (AD) was hospitalized for 
hepatosplenomegaly, cholestasis, and pancytopenia during the neonatal period. The laboratory 
parameters were not diagnostic. On follow-up, cholestasis improved; however, he developed 
autoimmune hemolytic anemia, chronic arthritis, and chronic urticaria. The immunodeficiency 
panel revealed a c.4175G>A (p.Arg1392Gln) heterozygous mutation in NLRP1. Another patient 
(Patient #18) was admitted with bloody diarrhea, hypogammaglobulinemia, and recurrent 
pulmonary infections. Histopathological examination revealed lymphonodular hyperplasia, 
ileitis, and colitis without plasma cells. Genetic analysis revealed a heterozygous c.259C>T 
mutation in TNFAIP3, indicating an A20 deficiency.

Patients with congenital defects of phagocytes (Patient #19) exhibited growth retardation, 
chronic diarrhea, cardiomegaly, neutropenia, myopathy, and lactic acidosis. Additionally, 
the sweat chloride test results were positive. Detailed family history revealed Barth syndrome 
(BS) in close relatives. Genetic analysis of the BS showed the exon 1 mutation c51.G> C 
(p.Trp17X) in TAZ. CFTR gene analysis revealed a compound heterozygous mutation (Table 2).
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Table 2. Detailed clinical findings, genetic study results, and patient outcomes of the patients (n=19)
Patient 
no. A/S GIS/liver 

manifestations
Physical  
findings

Histopathological 
findings

Additional 
manifestations

Final diagnosis 
(group/type) Genetic study Treatment 

modality Outcome

#1 36/M Acute hepatitis - ND - PAD/THI ND Supportive Alive
#2 6/M Acute hepatitis - ND - PAD/THI ND Supportive Alive
#3 2/M FPIAP - Cryptitis with 

severe eosinophilic 
and plasma cell 

infiltration

- PAD/THI ND Cow’s milk 
elimination

Alive

#4 42/F Colitis - LNH and focal active 
colitis with mixt cell 

infiltration

- PAD/THI ND Steroids in the 
active phase and 
with azathioprine 

in remission

Alive

#5 204/M Chronic 
diarrhea

- Giardia trophozoites 
in duodenal biopsy

- PAD/SIgAD ND Antiparasitic 
treatment

Alive

#6 146/F Chronic 
diarrhea

- Total villous atrophy CD PAD/SIgAD ND Gluten-free diet Alive

(continued to the next page)
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Patient 
no. A/S GIS/liver 

manifestations
Physical  
findings

Histopathological 
findings

Additional 
manifestations

Final diagnosis 
(group/type) Genetic study Treatment 

modality Outcome

#7 36/F Acute hepatitis - Portal inflammation 
and piecemeal 

necrosis

Type 1 AIH PAD/SIgAD ND Steroids in the 
active phase and 
with azathioprine 

in remission

Alive

#8 3/F Chronic 
diarrhea

Wooly hair Normal 
colonoscopy/

histopathology

- CID (syndromic)/
THES

WES/homozygous 
mutation of c.2122C>T 
(p.Gln708) in TTC37 
gene

Periodic IVIG/
Infliximab and 

TPN

Died (six 
months after 
admission)

#9 18/M Failure to 
thrive

Atypical facial 
appearance

Normal upper 
endoscopy/

histopathology

AIT, NHL CID (syndromic)/
Bloom syndrome

WES/pathogenic 
variants of c.2643G>A 
(p.W881) in BLM gene

Periodic IVIG Alive

Pigmentated skin 
lesions

#10 180/F Colitis - Active colitis and 
ileitis

CMV disease, 
PLE

CID Targeted gene for 
immune deficiency – 
nondiagnostic

Steroids and 
ganciclovir

Died (two 
months after 
admission)

#11 4/F Acute hepatitis Maculopapular 
rash

ND Disseminated 
CMV disease

CID/MHC class II 
deficiency

WES/homozygote 
c.634C>T (p.R212X) 
mutation in RFXANK 
gene

HSCT Alive

#12 13/F CLD HSMG Chronic hepatitis 
with severe fibrosis 

(grade 3)

CMV disease, 
Mucocutaneous 

candidiasis, 
military 

tuberculosis, HL

CID WES/non-diagnostic HSCT planning Alive

#13 22/M ALF HSMG ND - ID/X-linked 
lymphoproliferative 

disease.

Targeted gene 
analysis/hemizygote 
c.137+5G>A (IVS1+5G>A) 
in SH2D1A gene in twin 
sister

Supportive Died (two 
days after 

admission)

#14 6/F Chronic 
diarrhea

Pancytopenia, 
Hyponatremia, 

HSMG

ND - ID/FHL-5 WES/homozygote 
c.902+5G>A 
(IVS10+5G>A) mutation 
on STXBP2 gene

HSCT Died (six 
months after 

HSTC)

#15 90/M Chronic 
diarrhea

Eczematous skin 
lesions

Gastritis, focal 
active duodenitis, 

ileitis and eosinophil 
dominant pancolitis

Food allergy ID/FOXP3 deficiency 
(IPEX)

WES/c.1190G>A 
(p.Arg397Gln) in FOXP3 
gene

HSCT planning Alive

#16 8/F Recurrent ALF Metabolic bone 
diseases and 
dysmorphic 
appearance

- - DIII/NBAS 
deficiency

WES/homozygote 
c.1556T>A mutation on 
NBAS gene

Periodic IVIG Alive

#17 0.5/M Neonatal 
cholestasis

HSMG, localized 
lymphadenopathies

Normal bone 
marrow aspiration

AIHA, chronic 
arthritis

AD/NLRP1 
deficiency

WES/p.Arg1392Gln in 
NRP1 gene

IL-1 receptor 
blockers

Alive

#18 192/M Colitis - LNH, ileitis and 
colitis without 
plasma cells

- AD/A20 deficiency WES/heterozygote 
c.259C>T mutation in 
TNFAIP3 gene

Periodic IVIG/
mesalamine and 
HSCT planning

Alive

#19 6/M Chronic 
diarrhea

Cardiomyopathy, 
sweat chloride 
test positivity

ND Cystic fibrosis CDP/Barth 
syndrome

Targeted gene 
analysis/exon 1 
mutation c51.G> C 
(p.Trp17X) in TAZ 
gene and compound 
heterozygote mutation 
in CFTR gene

Supportive Died (nine 
hours after 
admission)

A: age at the time of diagnosis (months), S: sex, GIS: gastrointestinal system, M: male, F: female, FPIAP: food protein induced allergic proctocolitis, CLD: 
chronic liver disease, ALF: acute liver failure, HSMG: hepatosplenomegaly, ND: not done, LNH: lymphonodular hyperplasia, CD: celiac disease, AIT: autoimmune 
thyroiditis, AIH: autoimmune hepatitis, NHL: non-Hodgkin lymphoma, CMV: cytomegalovirus, PLE: protein-losing enteropathy, HL: Hodgkin lymphoma, AIHA: 
autoimmune hemolytic anemia, PAD: predominantly antibody deficiency, THI: transient hypogammaglobulinemia of infancy, SIgAD: selective IgA deficiency, 
CID: combined immunodeficiencies, THES: tricho-hepato-enteric syndrome, MHC: major histocompatibility complex, ID: immune dysregulation, FHL-5: familial 
hemophagocytic histiocytosis type 5, DIII: defects in intrinsic and innate immunity, NBAS: Neuroblastoma amplified sequence, AD: autoinflammatory disorders, 
CDP: congenital defects of phagocyte, WES: whole exome sequencing, TPN: total parenteral nutrition, IVIG: intravenous globulin, HSCT: human stem cell 
transplantation.

Table 2. (Continued) Detailed clinical findings, genetic study results, and patient outcomes of the patients (n=19)
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There were five patients in the unclassified group. The demographic, clinical, and laboratory 
findings of the patients are shown in Table 3.

Overall, the association of autoimmune diseases, development of malignant diseases during 
follow-up, and severe progression of viral diseases was observed in 20.8%, 8.3%, and 16.6% 
of patients, respectively (Table 4). Five of the 24 patients died during the follow-up period.

DISCUSSION

We report 24 patients who were admitted to the pediatric gastroenterology department with 
common gastrointestinal and hepatic symptoms and were subsequently diagnosed with PIDs.

Eight patients were admitted because of chronic diarrhea. Chronic diarrhea may be the initial 
manifestation of PIDs. This may be related to (i) infectious diarrhea related to underlying 
host defense impairment or (ii) autoimmunity, such as CD, in patients with selective IgA 
deficiency. The prevalence of CD in patients with selective IgA deficiency is reportedly 
10–30%. The prevalence of selective IgA deficiency in patients with CD is reportedly 2–3%, 
which is 10–18-fold higher than that in the general population [9]. Additionally, patients with 
THES, immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, 
FHL-5, or BS may present with chronic diarrhea [10-12].
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Table 3. Demographic, clinical and laboratory findings of patients with PIDs in the unclassified group
Patient 
no. A/S GIS/hepatic 

manifestation
Additional 

findings
Endoscopic and 
Histopathological findings Immunological workup Genetic study Final 

diagnosis Treatment

#20 168/M Colitis Chronic 
urticaria

Aphthous colonic ulcers 
and focal active colitis

High IgE (850 IU/mL), eosinophilia, 
positive vaccine response, normal 
flow cytometry, low C3 levels  
(0.82 g/L, N:>0.9 g/L)

WES/
nondiagnostic

Unclassified 
ID

Steroids in the 
active phase and 
with azathioprine 

in remission
#21 167/F Colitis - LNH and ileitis in terminal 

ileum
High IgE (>3,000 IU/mL), atopy, 
normal flow cytometry, positive 
vaccine response, normal 
immunoglobulin levels

DOCK8 
nondiagnostic

Unclassified 
ID

Steroids in the 
active phase and 
with azathioprine 

in remission
#22 16/M Chronic 

diarrhea
AIHA, RPI Normal endoscopy and 

colonoscopy
Hypogammaglobulinemia, no 
response to vaccination, normal flow 
cytometry

WES/
nondiagnostic

Unclassified 
AD

Periodic IVIG

#23 102/M Chronic 
diarrhea

Sibling of 
patient #23

Normal endoscopy, 
colonoscopy, video 
capsule endoscopy

Hypogammaglobulinemia, no 
response to vaccination, normal flow 
cytometry

ND Unclassified 
AD

Periodic IVIG

#24 120/M Colitis - Non-caseating 
granulomas in terminal 
ileum

High IgE (>3,000 IU/mL), 
eosinophilia, normal flow cytometry, 
positive vaccine response, normal 
immunoglobulin levels

WES/
nondiagnostic

Unclassified 
ID

Steroids in the 
active phase and 
with azathioprine 

in remission
PIDs: primary immunodeficiency diseases, A: age at the time of diagnosis (months), S: sex, GIS: gastrointestinal system, M: male, F: female, AIHA: autoimmune 
hemolytic anemia, RPI: recurrent pulmonary infections, LNH: lymphonodular hyperplasia, WES: whole exome sequencing, ID: immune dysregulation, AD: 
antibody deficiency, ND: not done, IVIG: intravenous globulin.

Table 4. Frequency of some clinical and laboratory parameters in our patient group that suggest the primary 
immunodeficiencies
Parameters Value (n=24)
Hypogammaglobulinemia 12 (50.0)
Selective IgA deficiency 3 (12.5)
Severe viral infections 4 (16.7)
Chronic infections 1 (4.2)
Autoimmune manifestations 5 (20.8)
Malign disease 2 (8.3)
Values are presented as number (%).
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Two patients with selective IgA deficiency (Patients #5 and #6) presented with chronic 
diarrhea associated with giardiasis and CD. Additionally, two patients (Patients #22 and 
#23) in the unclassified AD group had chronic diarrhea. Etiological investigations were non-
diagnostic for chronic diarrhea. The two patients were siblings; one had recurrent pulmonary 
infections and autoimmune hemolytic anemia. Both patients had hypogammaglobulinemia 
and did not respond to vaccination, but the flow cytometry results were normal. Endoscopic 
and histopathological findings were normal, excluding gastrointestinal loss. Whole-exome 
sequencing was non-diagnostic.

THES should be suspected in all infants with neonatal-onset diarrhea, hair abnormalities, 
intrauterine growth retardation, or hypogammaglobulinemia. Approximately 69% of patients 
had mutations in TTC37 gene, which encodes subunits of the putative human superkiller 
complex involved in RNA degradation. The mechanism through which defects in the mRNA 
degradation system lead to THES-associated symptoms remains unclear [13]. IPEX is an 
X-linked recessive condition that primarily affects males, and is caused by loss-of-function 
mutations in the FOXP3 gene located on the X chromosome. Mutations in the FOXP3 gene 
lead to defects in its DNA-binding domain. This impairs the normal function of regulatory 
T cells, leading to abnormal immune responses that result in autoimmune manifestations, 
such as enteropathy. Watery diarrhea generally begins in the first year of life [14]. Chronic 
diarrhea may be the initial manifestation of FHL-5. Pagel et al. [15] reported that 37.8% 
of patients with FHL-5 had chronic diarrhea. Gastrointestinal symptoms develop before 
classical symptoms, particularly in patients without exon-15 splice-site mutations. Defective 
Munc18-2 expression in epithelial cells may disturb the regulation of secretory pathways 
in intestinal cells [15]. BS is an X-linked disorder characterized by neutropenia, myopathy, 
and developmental delays caused by mutations in the TAZ gene. This impairs phospholipid 
metabolism and disrupts mitochondrial biogenesis. Infectious diarrhea due to neutropenia 
and fat malabsorption owing to impaired lipid metabolism may lead to chronic diarrhea 
in BS [16]. Chronic diarrhea generally develops within the first few years of life in patients 
with monogenic disorders. Only patients with IPEX syndrome developed chronic diarrhea 
later. Similar to our case, some cases of milder forms of late-onset enteropathy without 
endocrinopathy have been reported [17].

Patients with PIDs have a higher risk of inflammatory bowel disease (IBD)-like intestinal 
inflammation than immunocompetent individuals. PIDs should be considered in all patients 
with early onset colitis, positive family history, and unresponsiveness to conventional 
treatments [3,18,19]. Additionally, approximately 50 genetic variants have been defined for 
the monogenic IBD-like phenotype, which is associated with the impairment of the intestinal 
epithelial layer and innate and adaptive immune functions [20]. Akkelle et al. [21] reported 
the endoscopic findings in 45 children with PIDs and found that 26% had IBD-like colitis. In 
our study, 24% of the patients had colitis.

One of our patients had Crohn’s-like colitis (Patient #10) and was subsequently diagnosed 
with CID. Despite intensive treatment, the patient died of disseminated CMV disease. IBD-like 
colitis is common in patients with CID with ICOS and CD3γ, IL-21, and IL-21R deficiencies; 
however, genetic analysis for immune deficiencies was non-diagnostic in our patient [3].

A 20 is a major anti-apoptotic protein in the intestinal epithelium, and its elevated expression 
is associated with caspase-3 activation, which causes barrier deterioration and intestinal 
inflammation. It is characterized by early onset systemic inflammation and autoimmune 
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features. IBD-like diseases and colonic perforations are common [22]. Our patient had 
hypogammaglobulinemia, colitis, ileitis, and lymphonodular hyperplasia without plasma 
cells, and whole exome sequencing revealed a heterozygous c.259C>T mutation in TNFAIP3.

Three patients had colitis in the unclassified ID group (Patients #20, #21, and #24). They 
exhibited an IBD-like phenotype, high IgE levels, and no evidence of T- or B-cell deficiencies. 
Interestingly, two of them had localized terminal ileal diseases. High IgE levels in IBD-like 
colitis are common in the IPEX syndromes [14]. However, neither patient had other clinical, 
laboratory, or histopathological findings of IPEX; milder forms could not be ruled out. 
Although the IBD-like phenotype is uncommon in hyper-IgE syndromes, DOCK8 deficiency 
was ruled out in one case (Patient #21). Additionally, high IgE levels and Crohn-like colitis 
may be observed in patients with chronic granulomatous diseases. Although we did not 
perform NBT and/or genetic testing, the absence of other clinical findings and pigmented 
macrophages ruled out chronic granulomatous disease. Additionally, one case had chronic 
urticaria and hypocomplementemia, and monogenic disorders were ruled out using whole-
exome sequencing (Patient #20).

One of our patients (Patient #4) with colitis had transient hypogammaglobulinemia during 
infancy. Hypogammaglobulinemia has been reported in adult patients with IBD and is 
mainly correlated with hypoalbuminemia, age, and disease [23]. However, our patient did 
not exhibit hypoalbuminemia. An association between gastrointestinal problems, including 
chronic diarrhea and gastrointestinal infections, has been reported in up to 10% of patients 
with transient hypogammaglobulinemia in infancy [22,24]. Upon initial admission, common 
variable immunodeficiency (CVID) was suspected, but the immunoglobulin levels returned to 
normal during follow-up. IBD-like colitis associated with transient hypogammaglobulinemia 
in infancy has not been previously reported. An imbalance between T and B cells results 
in an improper immune response that may cause colitis. Another patient with transient 
hypogammaglobulinemia in infancy presented with food protein-induced allergic 
proctocolitis (Patient #3). Food allergies have been reported in 5.9% of patients with 
transient hypogammaglobulinemia in infancy [25]. Food allergies, especially cow’s milk 
allergies, are common in infants and may coexist with antibody production defects [26]. 
Hypogammaglobulinemia may be related to the leakage of immunoglobulins through 
the inflamed mucosa, and normalization of immunoglobulin levels was observed with 
improvement of symptoms after exclusion of the allergens or treatment of colitis in two of 
our patients. Although we did not study stool alpha-1-antitrypsin in our patients, neither had 
hypoalbuminemia on initial admission, which may exclude gastrointestinal loss. However, 
the coincidence of transient hypogammaglobulinemia in infancy with colitis and food 
protein-induced allergic proctocolitis in our cases cannot be ruled out.

Liver involvement is common in patients with PID mainly related with infections and/or 
immune dysregulation [4,5]. In an Italian study, 36.6% of children with various types of PIDs 
had liver abnormalities [27]. Life-threatening hepatic complications have been reported in 
approximately 50% of patients with X-linked hyper-IgM syndrome–CD40 ligand deficiency. 
Approximately 10% of CVID patients present with liver damage [4,5]. In our study, liver 
involvement was the initial manifestation in eight patients (33.3%). Acute hepatitis was 
found in two patients with transient hypogammaglobulinemia of infancy (Patients #1 and 
#2). No etiological factors were found, and the hepatitis improved on follow-up, suggesting 
a non-specific viral infection. One patient had disseminated CMV infection-related acute 
hepatitis and was subsequently diagnosed with MHC Class II deficiency. Severe viral 
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infections, such as CMV and herpes simplex, are hallmarks of MHC Class II deficiency 
in the first year of life and are associated with poor prognosis [28]. Another patient with 
selective IgA deficiency also had autoimmune hepatitis type-1 (Patient #7). The prevalence 
of autoimmune hepatitis among patients with selective IgA deficiency has been reported 
to be 1.6%, and this association is more common in patients with anti-LKM1-positive [29]. 
ALF related to EBV infection is a common feature of XLP1 (60%) and is associated with high 
mortality. Affected boys are reported as being clinically well until EBV infection, when they 
mount dysregulated and exaggerated immune responses with the proliferation of cytotoxic 
T cells, EBV-infected B cells, and macrophages in tissues throughout the body. Dysregulated 
cytokine release results in extensive parenchymal damage, which is prominent in the 
liver and causing ALF [30]. In our patient, we confirmed the diagnosis of XLP1 by genetic 
analysis of the twin sister who was admitted with septic shock. NBAS deficiency is a novel 
disease associated with recurrent ALF, precipitated by vomiting and fever. Multisystemic 
involvement such as short stature, skeletal dysplasia, optic atrophy, cardiomyopathy, and 
epilepsy may be observed. CID, characterized by hypogammaglobulinemia, low T cells, 
and near-absent B cells, along with other clinical findings, has been reported in patients 
with NBAS deficiency [31]. Our patient (Patient #16) had recurrent ALF, severe metabolic 
bone disease, dysmorphic features, and hypogammaglobulinemia. One of our patients 
with chronic liver disease was diagnosed with CID during follow-up (Patient #12). She also 
presented with hepatosplenomegaly, chronic hepatitis, and severe fibrosis. Upon follow-up, 
the patient developed mucocutaneous candidiasis, miliary tuberculosis, and HL. Whole 
exome sequencing was not performed. Similar cases have been reported by Rodrigues et al. 
[4] but most were associated with sclerosing cholangitis. One of our patients (Patient #17) 
was initially admitted with neonatal cholestasis and was subsequently diagnosed with NLRP1 
deficiency based on clinical findings and genetic analyses. Although the association of liver 
diseases such as drug-induced liver injury, non-alcoholic steatohepatitis, endotoxin-induced 
liver injury, and cholestasis with NLRP1 deficiency has been reported, the association with 
neonatal cholestasis in our patient might be coincidental [32].

The presence of pigmented skin lesions, atypical facial appearance, and 
hypogammaglobulinemia suggested immunodeficiency, and whole-exome sequencing 
revealed Bloom syndrome (Patient #9). Upon follow-up, the patient developed autoimmune 
thyroiditis and NHL. Feeding problems and growth deficiencies are common in children with 
Bloom syndrome. Some patients require gastrostomy tube placement, with an increase in 
weight, but not linear growth [33].

This study has some limitations. The study only included patients admitted to our pediatric 
gastroenterology unit; hence, patients with gastrointestinal or liver manifestations who were 
initially admitted to other units were not included in the study. This may have caused some 
differences, especially in the demographic and clinical findings, when compared with those 
in the literature.

We report 24 patients who were admitted with common gastrointestinal and liver problems 
and were subsequently diagnosed with PIDs. The association of autoimmune diseases, 
development of malignant diseases, or severe progression of viral diseases may give 
physicians/pediatric gastroenterologists some suspicion of PIDs.
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