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Introduction: Primary immunodeficiencies (PIDs) are a heterogeneous group of disorders, common variable immunodeficiency
disorder (CVID) and X-linked agammaglobulinemia (XLA) are PIDs related to B-cell defect, characterized by reduced levels of
immunoglobulins and immune dysregulation. Infections are the most common clinical manifestations, while underlying autoimmune
and inflammatory conditions are present in some patients with CVID and XLA, leading to clinical misdiagnosis and diagnostic delay.
Chronic diarrhea in patients with CVID and XLA, particularly complicated malabsorption and protein-energy malnutrition, is
responsible for poor prognostic outcomes.

Methods: In this study, we described three PID adult patients (two with CVID and one with XLA) who presented with varying
degrees of chronic diarrhea, weight loss, and protein-energy malnutrition. We suggest that villous blunting of the small intestine under
capsule endoscopy may be an endoscopic feature of PID-related enteropathy, thus highlighting the application of capsule endoscopy in
patients with CVID and XLA presenting with chronic diarrhea.

Conclusion: We also summarize regular Ig supplementation is the basic treatment for CVID and XLA patients, proper enteral
nutrition and probiotic therapy can be explored to use to alter gut microbiota and modulate intestinal immune response. However,
vedolizumab is not helpful to PID-related enteropathy therapy, as it exacerbates the inflammatory response in extra-intestinal organs
and ultimately causes poor clinical outcomes.
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Introduction

Primary immunodeficiencies (PIDs) are a heterogeneous group of disorders comprising more than 300 diseases, and are
characterized by varying degrees of immunodeficiency and immune dysregulation.' PIDs have an increased suscept-
ibility to infections, autoimmune diseases, and malignancies.* Immune defects can affect B-cell immunity, such as
common variable immunodeficiency disorder (CVID) and X-linked agammaglobulinemia (XLA), T-cell immunity,
DiGeorge syndrome, and T- and B-cell immunity, such as Severe Combined Immunodeficiency (SCID).> CVID is the
most frequent symptomatic PIDs in adulthood, and is characterized by low levels of serum IgG, IgA, and/or IgM, with
absent or impaired antibody production as poor antibody response to vaccines®’ and the low relative values of switched
memory B cells (<70% of age-related normal values).* ' The incidence of CVID is approximately one in 25,000
inhabitants."' Monogenic defects account for approximately 10% of all CVID.'*'? Genes including ICOS, TNFRSF13B
(TACI), TNFRSF13C (BAFF-R), TNFSF12 (TWEAK), LRBA, CTLA4.'? XLA is generally caused by mutations in
Bruton’s tyrosine kinase (BTK) gene, which is characterized by pan-hypogammaglobulinemia and absence of mature
B-lymphocytes in peripheral blood.'"*'® Because physiological immaturity can mimic PIDs and the history of several
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systemic symptoms in patients was neglected in their early years, the diagnostic delay was 4-8 years from symptom
onset to PIDs diagnosis.'”'®

The gastrointestinal (GI) tract is the largest lymphoid organ in the body, and it is not surprising that GI diseases are
common among PIDs patients.>'® Approximately 5-50% of PIDs patients have GI disease, with diarrhea and malabsorp-
tion being the most common manifestations.’ Infectious diarrhea accounts for 20-60% of GI symptoms related to CVID.”
However, a specific infectious agent was not identified in several of the CVIDs and XLAs, inflammatory or autoimmune
complications is identified as an important phenotype for CVID, in gastrointestinal tract, including inflammatory bowel
disease (IBD) and enteropathy.'® For XLA, the incidences of IBD and enteritis have increased in patients with
XLA.?>*' More importantly, as a complex immune modulation mechanism, the risk of death was 11 times higher in
CVID patients with one or more inflammatory or autoimmune complications than in patients who had infections only.**
Moreover, chronic diarrhea can cause malabsorption and protein-energy malnutrition, and failure of immunoglobulin
replacement therapy is responsible for poorer prognostic outcomes.* 2% Thus, awareness of the presence of inflammatory
diseases in PIDs and early diagnosis of PIDs can achieve a favorable prognosis and decrease morbidity and mortality.
However, only a few studies have focused on improving the early diagnosis of PIDs. Here, we report three cases of PIDs
that manifested with pathogen-negative chronic diarrhea as the primary symptom and showed small intestinal villous
atrophy endoscopically and describe the diagnosis and treatment courses of these three cases to facilitate early
identification of PIDs with enteropathy and optimize therapeutic management.

Methods
Flow Cytometry Analysis

Fresh collected whole blood was obtained and processed within 24 h. Immunophenotyping of T cells and B cells were
classified using conjugated anti-human murine monoclonal antibodies (mAbs) as follows: anti-CD3, anti-CD4, anti-CD8,
anti-CD19, anti-CD27 and anti-IgD. All antibodies were purchased from BD Pharmingen. For cell staining, 8 mL whole
blood was incubated with antibodies for 15 min at room temperature in the dark. Then, diluted FACS Lysing Solution
was added for 10 min of erythrocyte lysis. Flow cytometry was performed on a FACS Arialll (BD Biosciences) and
captured data was subsequently analysed using FlowJo.

CE System, Examination Procedures

The OMOM CE was provided by Jin Shan Science and Technology Company (Chongqing, China). All patients were
underwent bowel preparation by using polyethylene glycol electrolytes powder(Il) before examination. The images were
real-time obtained and recorded. The recorder was disconnected approximately 10 h after the start of the exploration.
Then acquired diagnosis by the two independent senior endoscopists.

Case Presentation

Patient |

A 41-year-old female was admitted to our hospital in December 2019 with chronic diarrhea for 3 months, characterized
by watery stools with undigested food residues and a stool frequency of 10-20 times a day, without fever, abdominal
pain, or vomiting. Before the age of 10, the patient was susceptible to upper respiratory tract infections and recurrent skin
lesions, presenting with erythema, desquamation, and pruritus. Upon admission, she was afebrile, with a pulse rate of 127
bpm, weight loss (approximately 15kg, body mass index [BMI]12kg/m?), hypoglobulinemia (albumin [ALB] 39.1 g/L,
globulin [GLO] 15.6g/L), and electrolyte imbalance (K+2.99mmol/L). The erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were normal. A regular fecal test revealed that fecal calprotectin (45ug/g, normal range 0—
50ug/g), culture, and Clostridium difficile were negative. Tests for HIV serology, viruses, autoimmune enteropathy,
celiac disease (including anti-DGP, anti-EMA and anti-tTG), and immune-related antibodies yielded negative results.
Computed tomography enterography (CTE) of the small intestine revealed multiple, slightly enlarged lymph nodes in the
peritoneal and mesenteric regions. Gastroscopy revealed thinning of gastric mucosa. Colonoscopy showed congestion
and swelling of the colorectal mucosa, small ulcers with a diameter of 3—-8mm were scattered at transverse colon and
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rectum. Importantly, capsule endoscopy revealed that the mucosa of the jejunum and ileum was congested, edematous,
and thinned out with blunting of the intestinal villi (Figure 1). The pathology of the terminal ileum was feathered, with
massive intraepithelial lymphocytes and villous atrophy. This patient was suspected to have autoimmune enteropathy and
received probiotics and enteral nutritional support; stool frequency was reduced to 68 stools per day. In May 2020, the
patient was admitted with uncontrolled diarrhea. The serological test results for immunoglobulins, including IgG and
IgA, were markedly reduced. Analysis of lymphocyte subsets showed a lack of B cells (1%), whereas the total T-cell
counts were almost normal. Gene sequencing by Panel revealed a missense heterozyge mutation in CTLA-4, ¢.392T>C,
p.Vall31Ala. Histological examination showed infiltration of neutrophils and lymphocytes in the lamina propria of the
gastric antrum and duodenum in the absence of plasma cells, and negative CD138 staining. A diagnosis of CVID was
made, and 50 mg glucocorticoid was administered orally. However, diarrhea remained unrelieved, and she was
hospitalized in September 2020 and received enteral and parenteral nutrition, electrolytes, vitamins, and probiotics
replenished along with 15g of IV immunoglobulin (Ig); this time, the diarrhea symptom improved, with stool frequency
reduced to 4-5 times per day. After discharge, the patient did not receive regular immunoglobulin therapy (every 2-3

Figure | Imaging of normal jejunum (a) and ileum (b) in healthy control under capsule endoscopy. (c) Capsule endoscopy showing mucosa of the jejunum in patient |, which
were congested with blunting of the intestinal villi. (d) CTE of the small intestine in patient | showed multiple, slightly enlarged lymph nodes in the peritoneal and mesenteric
regions.
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months). Diarrhea was aggravated in January 2022, and 300mg of vedolizumab at 0, 2, 6, 14 and 22 weeks was initiated
in this patient, with five infusions; however, immunoglobulin therapy was still irregularly used. During treatment with
vedolizumab, the symptoms of diarrhea significantly improved, while the skin symptoms worsened concurrently with
arthritis. This patient underwent hemorrhoidectomy in a local hospital in June 2022. The diarrhea worsened 2 weeks after
surgery with severe perianal abscess, and the patient died 2 months later.

Patient 2

A 20-year-old male was admitted to the psychiatry department in December 2017 because of depression for more than 7
years and chronic diarrhea for more than 1 year. He had unshaped stools with a frequency—1-2 times a day, and no
history of infection was reported. Upon admission, he had weight loss (approximately 25kg, BMI 15.5 kg/m?), blood
exams showed mild anemia (hemoglobin 94 g/l), hypoglobulinemia (ALB 36.7 g/L, GLO 8.1 g/L), and electrolyte
imbalance (K+2.26mmol/L). The stool test results for regular fecal tests, occult blood tests, and culture tests were
negative. The ESR and CRP levels were normal. Tests for HIV serology, viruses, thyroid function, and immune-related
antibodies yielded negative results. Immunoglobulin levels, including IgA, IgM, and IgG levels, were significantly
reduced. Colonoscopy did not indicate any abnormalities, and abdominal CT just showed a slightly enlarged spleen. The
psychiatrist diagnosed the patient with depression, and he was transferred to the Department of Gastroenterology for
further treatment because of unresolved diarrhea. Tests for celiac disease-related antibodies (anti-DGP, anti-EMA and
anti-tTG) were negative. Gastroscopy showed biliary reflux gastritis. Capsule endoscopy revealed extensive blunting of
the intestinal villi (Figure 2). Small bowel endoscopy also showed that the mucosa of the duodenum, jejunum, and ileum
was congested with villi blunting. The patient received enteral nutrition and probiotics during hospitalization while
without any significant improvement in diarrhea, probiotics were discontinued after discharge. He continued to have
chronic diarrhea and intermittent fever and was admitted to a local hospital twice between May 2019 and was treated for
irritable bowel syndrome (IBS). The patient was hospitalized again in September 2021 with watery stools five to 5-6
times per day. Immunoglobulin levels, including IgA, IgM, and IgG, decreased. The lymphocyte subset test showed
decreased B cells (4%) and switched memory B cell (5.4%) with normal T-cell counts. In addition, multiple enlarged
lymph nodes were detected in the mesentery on the abdominal CT. However, the results of the whole exome sequencing

Figure 2 (a) Capsule endoscopy showing mucosa of the jejunum in patient 2, which were thinned out and the intestinal villi were blunting. (b) CTE of the intestine in patient
2 showed multiple enlarged lymph nodes in mesentery and colon dilation.
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(WES) were negative. Pathology of the terminal ileum showed villous atrophy and prominent infiltration of lymphocytes
and eosinophils into the lamina propria with a lack of mucosal plasma cells. The diagnosis of CVID was made. The
patient obtained monthly 15g of IV Ig therapy monthly. To date, no infectious symptoms or complications have been
reported.

Patient 3

A 27-year-old male was admitted in April 2020 with recurrent diarrhea and intermittent abdominal pain for one year,
characterized by a stool frequency of 45 times a day. The patient had a history of tuberculous pleurisy, bronchiectasis
with an infection, and chronic mastoiditis. The patient was diagnosed with IBS at a local hospital due to the absence of
abnormalities in colonoscopy, serology, and fecal tests. Upon admission, he experienced weight loss (approximately
10kg) and blood tests indicated hypoglobulinaemia (17.3 g/l). Levels of CRP level and ESR were normal. Tests for HIV
serology, parasites, viruses, tuberculosis, and immune-related antibodies yielded negative results. The stool tests of
regular fecal samples, OB, fecal culture, and Clostridium difficile were negative. Gastroscopy and colonoscopy revealed
no abnormalities or remarkable pathological changes upon biopsy. The patient was unresponsive to conventional
antidiarrheal treatment and discharged after 8 days. In May 2020, he was admitted for the second time due to aggravated
diarrhea, with a stool frequency of up to 68 times a day. All the celiac disease-related antibodies (including anti-DGP,
anti-EMA and anti-tTG) tested negative. Diarrhea was not relieved after a gluten-free diet for nearly 4 weeks. Capsule
endoscopy revealed that the mucosa of the duodenum and jejunum was congested and thinned out, with blunting of the
intestinal villi (Figure 3). Gastroscopic biopsy of the duodenum showed villous atrophy, lack of mucosal plasma cells,
and massive lymphocytic infiltration in the lamina propria. The patient was started on 40 mg of intravenous injection (IV)
steroids, and the diarrhea was greatly improved; the stool frequency was reduced to 1 to 2 times a day. Subsequently,
immunoglobulin (Ig) analysis showed that the levels of IgG, IgA, and IgM were almost undetectable. The lymphocyte
subset classification showed a complete absence of B cells (0%) despite normal T cell counts. Gene sequencing by
Sanger indicated a nonsense hemizygote mutation in Bruton’s tyrosine kinase (BTK) gene c.1558C>T,p.Arg520%*.
Therefore, the diagnosis of XLA was made. 20 g of intravenous immunoglobulin (IVIG, 400 mg/kg) was administered
to the patient before discharge. Thereafter, regular IV Ig therapy was administered every 4 weeks. In March 2022, the
patient was admitted for intermittent fever (up to 38.3°), diarrhea (stool frequency 4-8 times a day), abdominal pain, and

Figure 3 (a) Capsule endoscopy showing mucosa of the jejunum in patient 3, which were were congested and thinned out, with blunting of the intestinal villi. (b) CTE of the
small intestine in patient 3 showed multiple, slightly enlarged lymph nodes in the peritoneal and mesenteric regions.
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thrombocytopenia (platelets 38 x109/L), and CT showed thickening and edema of the small intestine and colorectum,
multiple enlarged lymph nodes in the mesentery, mild inflammation, and bronchiectasis in the lungs. The patient was
unresponsive to antibacterial therapy. A small dose of steroids (Smg daily, orally) was administered, and the diarrhea
moderately improved. However, the patient experienced gastrointestinal bleeding one month after steroid therapy,
accompanied by aggravated edema of the intestinal wall with incomplete intestinal obstruction. 300mg vedolizumab
was initiated with three infusions at 0, 2, 6 weeks, and the GI symptoms clearly improved. However, the patient
continued to have an intermittent fever, and the CT showed new inflammatory lesions in the lungs. He died in
November 2022 due to fungal infection of the lungs.

Discussion

Primary immunodeficiencies (PIDs) are characterized by immune defects in circulating B and/or T cells, which cause
agammaglobulinemia and recurrent infections.”> CVID and XLA are B-cell immunodeficiency.'® Chronic diarrhea is the
most frequent gastrointestinal symptom related to CVID and XLA, especially non-infectious diarrhea, which causes
diagnostic delays and poor prognostic outcomes and remains a difficult clinical problem.>’ We describe three adult PID
patients (two with CVID and one with XLA) with varying degrees of diarrhea, weight loss, and protein-energy
malnutrition. The clinical characteristics of the patients are summarized in Table 1. These patients presented with similar
clinical symptoms with different underlying pathogeneses and were hospitalized at least twice before a diagnosis was
made. Through these three cases, we demonstrated that patients with chronic diarrhea and malabsorption with a history of
numerous infections in their early years, combined with significantly decreased globulin levels in the blood and extensive
villous blunting of the small intestine under capsule endoscopy, should highly suspect PID-related enteropathy. Further
analysis of Ig, lymphocyte subsets, and gene sequencing is needed for ultimate diagnosis.

Table | Characteristics of 3 PIDs Patients with Chronic Diarrhea

Patient | Patient 2 Patient 3
Gender Female Male Male
Age at Gl disease 41 20 27
presentation (years)
Immunoglobulin serum levels 1gG 1.83g/L (normal range 7.51-15.6) 1gG 1.34g/L IgG undetectable
IgA <0.067g/L (normal range 0.82—4.53) IgA <0.2g/L IgA undetectable
I1gM 0.58 g/L (normal range 0.46-3.04) IgM 0.05 g/L I1gM undetectable

Clinical manifestation

Watery diarrhea (10-20 times a day),
recurrent skin manifestations, weight loss

Watery diarrhea (5-6 times
a day), weight loss

Watery diarrhea (4-5 times

a day), abdominal pain, weight loss

Age at PIDs diagnosis (years) 42 24 27
White blood cell count 10.22x10°/L (normal range 3.5-9.5x10°/ 4.87x10°/L 5.98x10°/L
L)
Globulin 15.6g/L (normal range 25-30 g/L) 8.1 g/L 17.3 g/L
B cell count 28/ul (normal range 80-616/ul) 53/ul 0
Switched memory B cell (%) Not assessed 5.4% Not assessed
CD3+ T cells 1506/ul (normal range 723-2737/ul) 1063/ul 1746/ul
CD4+ T cells 818/ul (normal range 404—1612/ul) 382/ul 485/ul
CD8+ T cells 692/ul (normal range 2201 129/ul) 633/ul 1037/ul
(Continued)
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Table | (Continued).

Patient |

Patient 2

Patient 3

HLA DQ 2/8

Negative

Negative

Negative

Genetic analysis

CTLA-4 missense mutation ¢.392T>C,
p-Vall31Ala

Not diagnostic

Btk mutation nonsense
c.1558C>T, p.Arg520*

Histopathological findings

Gastric antrum and duodenum: infiltration
of neutrophils and lymphocytes, absence
of plasma cells
Terminal ileum: massive intraepithelial

Terminal ileum: villous atrophy,
prominent infiltration of
lymphocytes and eosinophils, lack
of mucosal plasma cells

Duodenum and terminal ileum:
villous atrophy, lack of mucosal
plasma cells, massive
lymphocytic infiltration

lymphocytes, villous atrophy

Treatments Glucocorticoid, enteral and parenteral Regular [VIg therapy Glucocorticoids, [VIg therapy,
nutrition, probiotics replenish, 1Vig vedolizumab, antibacterial and
therapy, antibacterial therapy, vedolizumab antifungal therapy
Outcome Death Regular IVIg therapy continuance Death

Note: *Represented termination codon.

CVID and XLA are PIDs related to B cell immunodeficiency. CVID is characterized by a defect in the differentiation
to plasma and memory B cells.?® XLA arrests pro-B-cell to pre-B-cell differentiation and partially blocks the pre-B-cell
to immature B-cell transition.”” These three patients all showed decreased peripheral B-cells and immunoglobulins.
Numerous T-cell abnormalities have been found in both CVID and XLA, including a decreased T-cell count and
proliferative response, increased T-cell activation, and abnormal cytokine production.”® Specifically, the numbers of
CD4+ and Treg cells decreased, whereas CD8+ T cells increased in CVID.?® From these cases, T cell counts were almost
normal in three patients, while the activation of T cells were unclear without the deeper analysis. Gut microbial dysbiosis
and mucosal IgA deficiency are associated with CVID enteropathy and systemic inflammation in CVID.* Mutually, IgA
deficiency can lead to microbial dysbiosis and subsequently increased T-cell activation, which cause aggravated gut
immune dysregulation in CVID.*® For XLA, enteropathy is less common since the T-cell dysfunction is less present than
CVID. BTK was a critical mediator of B cell receptor signaling in the functioning of adaptive immunity, it also
modulated the innate immune system in mononuclear cells.*’ Dysfunctional BTK expression increased NLRP3 inflam-
masome activation in bone marrow—derived macrophages (BMDMSs) that gives rise to increased proinflammatory
responses, may contribute to the pathogenesis of XLA enteropathy.’® The pathology of CVID-enteropathy includes
villous blunting, massive intraepithelial lymphocytes, and a lack of plasma cells in the lamina propria of the gastro-
intestinal mucosa, which is only present in approximately two-thirds of CVID patients.>*** In addition, the histology of
several CVID-related enteropathies presents celiac disease or Crohn's disease-like, which are difficult to identify.** No
study has focused on the histological manifestations of XLA, because its incidence is lower than that of CVID.
Importantly, these three patients all underwent capsule endoscopy and showed extensive thinning of the small intestinal
villi without remarkable ulcers.

Chronic diarrhea can cause a wide spectrum of potentially life-threatening complications including malabsorption,
protein-energy malnutrition, and electrolyte imbalance. Ig supplementation is the most important treatment for PIDs. ">
The survival of patients with CVID has improved in recent years, largely due to the use of Ig, which has greatly
decreased the frequency of recurrent and severe infections and hospitalizations.*® The recommended dosage of Ig is 400—
600mg/kg administered intravenously every 3—4 weeks.*® In addition, IgG levels should be tested during Ig treatment.>’
In these three cases, patients were obtained Ig therapy was administered at the beginning of the disease course; however,
Patient 1 discontinued regular use and had numerous hospitalizations with poorly controlled diarrhea. Patients 2 and 3
received regular Ig supplementation, while patient 3 had deteriorated inflammation of the gut and failed Ig therapy. It
should be noted that intravenous Ig therapy is less effective in patients with enteropathy-related symptoms in CVID,*®
which may be because mucosal IgA levels remain diminished over time after intravenous Ig replacement therapy.*’
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Long-term effects of Ig therapy in patients with XLA and enteropathy have not been reported. Corticosteroids or
immunomodulators can be administered; lower doses and shorter treatment periods are often required in cases of
autoimmune diseases.”****! Additionally, patients with CVID have microbial dysbiosis with reduced a-diversity
compared with patients with inflammatory bowel disease (IBD).'? Potentially pathogenic microbes Streptococcus
parasanguinis and Erysipelatoclostridium ramosum was enhanced in the gut microbiome of CVID patients with non-
infectious complications.*> Thus, improving the structure of the gut microbiota can partly control intestinal inflammation
in PID-related enteropathy, and administration of enteral nutrition and probiotics may exert a therapeutic effect in these
patients. Patient 1 achieved partial relief from diarrhea after enteral nutrition and probiotic replenishment. However,
patient 2 did not receive improvement in diarrhea after probiotic treatment. Further, the effect of probiotic and fecal
microbiota transplantation (FMT) therapy can be explored for the enteropathy of IgA-deficient PIDs. Based on the
immune response dysfunction in CVID and XLA, gut-selective treatments that suppress T-cell activation are used in
patients with CVID- and XLA-related enteropathy.***> Vedolizumab has been reported to be useful in inducing GI
symptom remission, as it blocks the ingress of regulatory T cells into the mucosa.***® However, Sifers et al reported that
vedolizumab was not effective in 86% of CVID patients.*” In our cases, patients 1 and 3, who had been diagnosed with
CVID and XLA, respectively, achieved vedolizumab therapy due to uncontrolled diarrhea and aggravated intestinal
inflammation, and the GI symptoms were greatly improved during treatment with vedolizumab; however, they experi-
enced severe inflammatory spread in extra-intestinal organs, such as the skin and lungs, and died due to progressive
inflammation or infections. Since vedolizumab may be more likely to develop extra-intestinal manifestations,*® it may
potentially worsen clinical outcomes, indicating that vedolizumab was not helpful in patients with CVID- and XLA-
related enteropathy.

In summary, chronic diarrhea is a common clinical manifestation in patients with CVID and XLA and is responsible
for poorer prognostic outcomes. Early recognition and appropriate clinical management are required to improve clinical
outcomes. In this study, we demonstrated that extensive villous blunting of the small intestine under capsule endoscopy
may be an endoscopic feature of PID-related enteropathy, and capsule endoscopy is recommended for each CVID and
XLA patient presenting with chronic diarrhea in order to not delay the specific treatment and to not worsen the prognostic
outcome. Regular Ig supplementation is the basic treatment for PIDs, combined with proper enteral nutrition and
probiotic therapy to supplement serum immunoglobulins and regulate local and systemic immunity and the gut
microbiota. Vedolizumab is not helpful to PIDs PID-related enteropathy therapy, as it exacerbates the inflammatory
response in extra-intestinal organs and ultimately causes poor clinical outcomes. We suspected that therapies that control
immune dysregulation, such as monoclonal IL-12/23 antibody Ustekinumab?*, Janus kinase inhibitors*’ and FMT, could
be used in the future for PID-related enteropathy.
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