e ARQUIVOS DE  ©2021 ASBAI
\\'E 55 ASMA, ALERGIA
assar | FIMUNOLOGIA

Clinical and Experimental Communications

Atypical presentation of X-linked hyper-lgM syndrome
simulating inflammatory bowel disease

Apresentacgéo atipica de sindrome de hiper-IgM ligada ao X simulando doenga inflamatdria intestinal
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ABSTRACT ‘

We report the case of a male patient, who started with ulcers
in the gastrointestinal tract, associated with recurrent fever and
diarrhea with mucus and blood at 10 months of life, initially
suspected of inflammatory bowel disease, however, he did not
improve the condition with immunosuppressive therapy, being
investigated for inborn error of immunity. In laboratory tests,
he had low levels of IgG and IgA and high levels of IgM and
persistent neutropenia. Therefore, a genetic test was performed
and confirmed the diagnosis of X-linked hyper IgM syndrome.
Inborn errors of immunity can manifest relatively frequently with
diseases of the gastrointestinal tract, and should be included as
a differential diagnosis of chronic diarrhea. Included in this group
of diseases, hyper-lgM syndromes constitute a heterogeneous
group of diseases, having in common significantly low or absent
levels of IgG and IgA and normal or high levels of IgM, which
predispose to infections and recurrent fever; in addition to other
laboratory alterations, such as neutropenia, which may be
associated with ulcers in the gastrointestinal tract and proctitis,
simulating the clinical presentation of inflammatory bowel disease.
For the reported patient, therapy with immunoglobulins was started
periodically, in addition to antibiotic prophylaxis for infections,
evolving with a satisfactory clinical response. The main objective
of the article is to alert to the differential diagnosis of inborn errors
of immunity in view of the presented condition, aiming at early
diagnosis and the institution of adequate therapy.

Keywords: Primary immunodeficiency diseases, immune system
diseases, hyper-lgM immunodeficiency syndrome type 1.

‘ RESUMO

Relatamos o caso de um paciente do sexo masculino, que iniciou
quadro de Ulceras em trato gastrointestinal, associado a febre
recorrente e diarreia com muco e sangue aos 10 meses de vida,
suspeitado inicialmente de doencga inflamatdria intestinal, no
entanto, ndo apresentou melhora do quadro com terapia imunos-
supressora, sendo realizada investigacédo para erro inato da imuni-
dade. Nos exames laboratoriais, apresentou niveis baixos de IgG
e IgA e niveis elevados de IgM e neutropenia persistente. Diante
disso, foi realizado teste genético que confirmou diagndstico de
sindrome de hiper-IgM ligada ao X. Os erros inatos da imunidade
podem se manifestar com doengas do trato gastrointestinal, de
forma relativamente frequente, devendo entrar como diagnoéstico
diferencial de diarreia cronica. Inclusa nesse grupo de doencas,
as sindromes de hiper-IgM constituem um grupo heterogéneo de
doencas, possuindo em comum niveis significativamente baixos
ou ausentes de IgG e IgA e niveis normais ou elevados de IgM,
o que predispde a infecgoes e febre recorrente; além de outras
alteragdes laboratoriais, como neutropenia, que pode estar as-
sociada a Ulceras no trato gastrointestinal e proctite, simulando
apresentacao clinica de doenca inflamatéria intestinal. Para o pa-
ciente relatado, foi iniciada terapia com imunoglobulinas de forma
periddica, além de antibioticoprofilaxia para infecgdes, evoluindo
com resposta clinica satisfatdria. O artigo possui objetivo princi-
pal de alertar para o diagnostico diferencial de erros inatos da
imunidade diante do quadro apresentado, visando o diagnéstico
precoce e a instituicdo da terapia adequada.

Descritores: Doengas da imunodeficiéncia primaria, doencas

do sistema imunitario, sindrome de imunodeficiéncia com hiper-
IgM tipo 1.
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Introduction

Inborn errors of immunity (EIl) are genetic
disorders that affect different components of the
immune system. Currently, due to the improvement of
genetic diagnosis methods, more than 400 diseases
are described. However, late or incorrect diagnosis
is still common."2 Clinical manifestations are very
diverse, being characterized by severe recurrent
or prolonged infections, autoimmune/inflammatory
disease, allergy or malignancy.34

Ell can affect the gastrointestinal tract at a
frequency ranging from 5% to 50%.' The intestine-
associated lymphoid tissue is the largest lymphoid
organ in the body, with varied mechanisms of immune
regulation. Diarrhea and malabsorption are common
in many EIll. Recurrent or treatment-refractory
gastrointestinal diseases should be a warning sign
for a possible immunodeficiency.®

Hyper-IgM syndrome (HIGM) can be congenital
or secondary to other underlying diseases (multiple
myeloma, leukemia, nephrotic syndrome, and chronic
infections, such as congenital rubella syndrome and use
of medications such as phenytoin).® Congenital forms
are very rare, accounting for 0.3 to 2.9% of all primary
immunodeficiencies, with an estimated incidence of
1/130,000 live births and with heterogeneous genetic
defects, which may present X-linked, autosomal
recessive inheritance or dominant.37:8 In HIGM, there
is a defect in immunoglobulin class switching due to
genetic defects in the CD40 (B lymphocyte)/CD40
binding (CD40L; T lymphocyte) signaling pathway
or in the DNA repair system responsible for class
switching. Therefore, there is a loss in the signaling
necessary for activated T lymphocytes to induce B
lymphocytes to convert immunoglobulin M (IgM) into
other immunoglobulins (IgG, IgA and IgE).2210 In
addition, CD40L also participates in the maturation
of antigen-presenting cells, in stimulating the effective
function of macrophages and in the enhancement of
T lymphocyte antigens.8.11.12

Depending on the associated genetic defect,
HIGM can be classified into five subtypes: type
1, occurs due to CD40L deficiency, is X-linked
autosomal dominant hereditary, exclusive to males
and the most common form, corresponding to 65%
of cases;5 type 2, corresponds to the autosomal
recessive form with mutations in the gene that
encodes a cytidine deaminase that participates in the
intracellular activation cascade of the B lymphocyte.>
These patients may have adenoid hyperplasia with

defects in the germinal centers, representing about
15% of cases; type 3, the mutation occurs in the
gene that specifically codes for the CD40 molecule
essential in lymphocyte development, growth, and
differentiation; type 4, whose molecular mechanisms
are still unknown; and type 5, produced by
mutations in the gene for a glycosylase (uracil DNA
glycosylase), the last two being recessive forms.6 All
these syndromes have similar clinical characteristics
and only through molecular and genetic studies is
it possible to make a differential diagnosis.''3 The
patients have as characteristics significantly low or
absent levels of IgG and IgA and normal or high
levels of IgM, in addition to a weak or non-protective
IgG response to vaccinations.'* Neutropenia is the
most common hematological alteration in type 1
HIGM, but its cause remains unknown, and it may be
due to the presence of antineutrophil antibodies and/
or delay in myeloid maturation in the marrow.'> Some
studies suggest that CD40-ligand may also act to
stimulate the endogenous production of granulocyte
colony stimulator,'> and bone marrow biopsies from
these patients may show delay in myeloid lineage
maturation. 4

Most patients with HIGM have increased
susceptibility to infections, especially sinopulmonary,
such as pneumonia, sinusitis and acute otitis media,
developing symptoms during the first year of life; and
almost all during the first four years.'® Pneumocystis
is the most prevalent infection and in half of the cases
it is caused by Pneumocystis jirovecii.'® Infectious
complications of the respiratory tract, such as
bronchiectasis, are common.? Infectious diarrhea has
been associated with infection by cryptosporidium,
giardia, salmonella or entamoeba.2 Aphthous ulcers,
gingivitis and rectal ulcers may be associated with
chronic or intermittent neutropenia.?2 Central nervous
system infection, sepsis, hepatitis and/or sclerosing
cholangitis, cellulitis and/or subcutaneous abscesses
may also occur.’® Due to recurrent infections, these
patients may have growth and development failure.6:17
There is an increased risk of neoplasms, especially
of the liver and biliary tract, and of autoimmune
complications, such as sclerosing cholangitis,
which may be associated with chronic infection by
Cryptosporidium parvum.®:16.18

We report the case of a male patient who
presented warning signs of innate immunity error, with
severe infection, in addition to recurrent fever, chronic
diarrhea, oral ulcers and neutropenia, initially being
managed as an inflammatory bowel disease, however,
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with confirmed later diagnosis of type 1 HIGM, with
the aim of reminding us of this diagnostic hypothesis
in the face of similar conditions.

Case report

Male patient, born by cesarean section, at
term, non-consanguineous parents, one healthy
sister, uneventful in the perinatal period, mixed
breastfeeding from birth and introduction of food
at 6 months, with normal growth and development.
First admission at 6 months of age due to severe
pneumonia, evolving with hyposaturation and
severe respiratory distress, requiring admission to
the intensive care unit, with orotracheal intubation
and good response to broad-spectrum antibiotic
therapy (piperacillin-tazobactam and vancomycin).
He remained asymptomatic for up to 10 months of
life, when he started a condition of ulcers in the oral
cavity associated with daily fever, especially at night,
seeking medical care sometimes, with antibiotic
therapy with amoxicillin and amoxicillin-clavulanate,
and the condition was reported according to the
mother. with antibiotic therapy, however, return soon
after the end of the medication. During this period,
he even presented a condition described as dental
abscess, as a complication of ulcers, which improved
after the use of antibiotics. At 12 months of age, he
started with episodes of diarrhea with blood and
mucus, 3-4 times a day and reddish plagques evolving
to more intense hyperchromic spots on the lower
limbs and knees, and was interrogated arthralgia
(difficulty in resting feet on the floor). He was treated
with antibiotics and steroids, with a good response.

He was hospitalized twice due to oral ulcers, fever
and bloody diarrhea, being treated with antibiotic
therapy. He was submitted to a cow's milk protein
exclusion diet, however, he did not show improvement,
and after reintroduction of this protein, there were no
changes in the intestinal condition.

Thus, the gastroenterology service raised the
hypothesis of inflammatory bowel disease, and
upper digestive endoscopy was performed, which
showed shallow esophageal ulcer, without significant
microscopic changes, and colonoscopy that showed
isolated, shallow ulcers, with adjacent enanthematic
and edematous mucosa in the transverse colon, left
colon, sigmoid and rectum, without inflammatory
activity on microscopy. Therapy for inflammatory
bowel disease was started with prednisone,
azathioprine, sulfasalazine and adequate enteral

formula. However, he persisted with fever of an
intermittent pattern, oral and perianal ulcers,
and diarrhea with blood and mucus, requiring
hospitalization during the period for intravenous
antibiotic therapy, with improvement in the condition.
At 15 months of age, he was hospitalized for colitis-
like diarrhea, suspected of Ell and an evaluation
was requested from the Immunology service, with
the initial hypothesis being a deficiency of IL10/IL10
receptor and a genetic panel for Ell was requested.
At the same time, other immunoglobulin tests and
immunoglobulin dosage were requested, showing
IgG and IgA below the 3rd percentile and IgM above
the 97th percentile. The immunoglobulin dosage
was repeated, keeping IgA and IgG below the 3rd
percentile (P3) for age and normal IgM, intravenous
immunoglobulin replacement was started, steroids
and immunosuppressants were suspended, and
antimicrobial therapy was maintained, with clinical
and laboratory improvement. The review of blood
counts showed intermittent anemia and persistent
neutropenia since 12 months of life. Myelogram with
bone biopsy was also performed, showing erythroid
and granulocytic hypocellularity with moderate
delay in myeloid maturation. The patient received
granulocyte colony stimulator therapy, with significant
improvement in neutropenia. Vitamin B 12 and folic
acid levels were normal and other tests had already
been performed, such as serology for Epstein-barr
virus and cytomegalovirus with negative IgG and IgM,
negative anti-HIV, in addition to pANCA and cANCA,
fecal calprotectin, anti- fecal trypsin, HLAB51
negative. During hospitalizations, Campylobacter
jejunii was isolated by multiplex PCR from feces,
Klebsiella and Citrobacter freundii in urine cultures.

At 19 months of age, the result of the genetic panel
for Ell (407 genes investigated - Invitae laboratory)
indicated a mutation in the CD40 ligand (Figure 1).
Subsequently, flow cytometry was performed, which
showed an alteration in the expression of the CD40L
protein (Figure 2), and the amplification of the PCR
product on an agarose gel showed absence of
amplification of exons 4 and 5 (Figure 3), confirming
the diagnosis of X-linked HIGM. No pathogenic
mutations were observed in the other genes.

Discussion

X-linked HIGM or type 1 is characterized by
CDA40L deficiency, which affects males, in general,
children of mothers who carry the mutation in one
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®

RESULT: POSITIVE

CENE VARIANT
1> cowLC Deletion (Exons 4-5)
IL17RA €.355C>A (p.Leul 19Met)
PIK3IR] c.*1del (Non-coding)
vPs1ie €.43297>GC (p.His1443Gin)
About this test

Additional Variant(s) of Uncertain Significance identified.

ZYCOSITY
hemizygous
heterozygous
heterozygous

heterozygous

One Likely Pathogenic variant identified in CD40LG. CD40LG is associated with X-linked hyper-lgM
syndrome.

This diagnostic test evaluates 207 gene(s) for variants (genetic changes) that are associated with genetic disorders. Diagnostic
genetic testing, when combined with family history and other medical results, may provide information to clarify individual risk,
support a clinical diagnosis, and assist with the development of a personalized treatment and management strategy.

VARIANT CLASSIFICATION
Likely Pathogenic

Uncertain Significance
Uncertain Significance

Uncertain Significance

Figure 1

Genetic panel for Inborn Errors of Immunity (EIl - 407 genes).
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CD40 Ligand Protein expression by flow cytometry.
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Figure 3

Amplification of CD40LG exons on agarose gel.

of the X chromosomes.’® These patients have a
defect in the function of B cells and T cells, which is
considered a primary combined immunodeficiency.20
The patient in the case reported is male and
presented signs of primary immunodeficiency during
the first year of life, due to severe pneumonia,
requiring orotracheal intubation. Sinopulmonary
infections, especially pneumonia, are present in 80%
of patients with X-linked HIGM, occurring during the
first year of life.'® Approximately half of patients with
HIGM have pneumonia caused by P, jirovecii.'® As
it is a combined immunodeficiency, these patients,
in addition to being susceptible to infections by
opportunistic bacteria, such as P jirovecii and
histoplasmosis, are also more prone to infections
by encapsulated bacteria, such as Streptococcus
pneumoniae or Haemophilus influenzae, which are
likely to cause pneumonia presented by the patient.
besides presenting a picture of recurrent fever with
improvement after the use of antibiotic therapy and
multiplex PCR of feces isolating bacteria, confirming
the greater predisposition to infections.16:17

The patient also had chronic diarrhea, being
a common manifestation of the X-linked Hyper-
IgM syndrome and more commonly resulting from
cryptosporidium infections.’® Diarrhea associated
with ulcers of the gastrointestinal tract could also

be justified by persistent neutropenia, considered
a common hematological finding present in this
syndrome, present in two-thirds to half of patients,
and may be episodic or recurrent, being associated
with ulcers in the gastrointestinal tract, stomatitis
and proctitis, in addition to increasing the risk of
infections.214.16 Bone marrow biopsy in these patients
may show a delay in the maturation of the myeloid
lineage, as in the case reported.#

Initially, inflammatory disease was suspected.early-
onset intestinal ia; however, the patient did not have
inflammatory markers compatible with inflammatory
diarrhea, such as calprotectin and fecal alpha-1-
antitrypsin, in addition to not presenting suggestive
microscopy in ulcer biopsies and not showing a
good response with the use of immunosuppressants.
Furthermore, laboratory tests showed normal to
high levels of IgM and low levels of IgE, I1gG and
IgA, in addition to neutropenia. Therefore, primary
immunodeficiency was suspected, and the diagnosis
of X-linked HIGM was confirmed through genetic
testing.

The therapeutic options used include intravenous
immunoglobulin replacement, antibiotic prophylaxis
for P jirovecii infection with sulfamethoxazole-
trimethoprim, use of granulocyte colony stimulator for
neutropenia and bone marrow transplantation, with
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varying degrees of success3+15.16.20 |n addition, it is
not recommended that these patients receive live virus
vaccines, and prevention of cryptosporidium infection
(water contamination) should be recommended, with
hygienic measures such as drinking only filtered water,
not having contact with faeces and avoiding bathing in
lakes, ponds, and in non-chlorinated pools.”:12.14 The
only curative therapy is allogeneic hematopoietic cell
transplantation, with better results in young patients,
without liver disease at the time of transplantation,
and with good spinal cord suppression, which
should be a considered therapeutic option.%1# In the
case of the reported patient, clinical and laboratory
improvement was observed with regular use of
intravenous immunoglobulin IgG, in addition to good
control of diarrhea, ulcers in the gastrointestinal
tract and neutropenia with the use of granulocyte
colony stimulator and prophylactic trimethoprim
sulfamethoxazole; hygienic measures were also
oriented to the mother.

Conclusion

X-linked HIGM should be remembered when there
is increased susceptibility to infections, which may
manifest as recurrent fever, chronic diarrhea and/
or multiple hospitalizations for infectious conditions,
associated with a reduction in 1gG, IgA and IgE
immunoglobulins, with IgM immunoglobulin normal
or increased and neutropenia, especially in male
patients. The main cause of death for these patients
is opportunistic infections, hence the importance
of early diagnosis and the institution of adequate
prophylaxis, in addition to being able to program
curative therapy with allogeneic hematopoietic cell
transplantation earlier.

Special thanks

The Foundation for Research Support of the State
of Sao Paulo (FAPESP) supported TTF (process n.
2017/04187-9) and ACN (process n.2016/22158-3).
The Hyper IgM Foundation supported TTF and ACN,
The Jeffrey Modell Foundation supported ACN.

References

1. Amaya-Uribe L, Rojas M, Azizi G, Anaya JM, Gershwin ME. Primary
immunodeficiency and autoimmunity: A comprehensive review. J
Autoimmun. 2019 May;99:52-72.

WuJ, Zhong W, YinY, Zhang H. Primary immunodeficiency disease:
a retrospective study of 112 Chinese children in a single tertiary
care center. BMC Pediatr. 2019 Nov 4;19(1):410.

Justiz Vaillant AA, Qurie A. Immunodeficiency. 2021 Jun 30. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2021 Jan-. PMID: 29763203.

Benkerrou M, Gougeon ML, Griscelli C, Fischer A.
Hypogammaglobulinémie G et A avec hypergammaglobulinémie
M. A propos de 12 observations [Hypogammaglobulinemia G and
A with hypergammaglobulinemia M. Apropos of 12 cases]. Arch Fr
Pediatr. 1990 May;47(5):345-9. French. PMID: 2369267.

Agarwal S, Cunningham-Rundles C. Gastrointestinal Manifestations
and Complications of Primary Immunodeficiency Disorders.Immunol
Allergy Clin North Am. 2019 Feb;39(1):81-94. doi: 10.1016/j.
iac.2018.08.006.

de la Morena MT. Clinical Phenotypes of Hyper-lgM Syndromes.
Clinical Management Review. 2016;1023-34.

de la Morena MT. Clinical Phenotypes of Hyper-lgM Syndromes.
J Allergy Clin Immunol Pract. 2016 Nov-Dec;4(6):1023-1036. doi:
10.1016/j.jaip.2016.09.013.

Saiki O, Tanaka T, Wada Y, Uda H, Inoue A, Katada Y, et al.
Signaling through CD40 rescues IgE but not IgG or IgA secretion
in X-linked immunodeficiency with hyper-IgM. J Clin Invest. 1995
Feb;95(2):510-4. doi: 10.1172/JCI117692.

Yazdani R, Fekrvand S, Shahkarami S, Azizi G, Moazzami B,
Abolhassani H, et al. The hyper IgM syndromes: Epidemiology,
pathogenesis, clinicalmanifestations, diagnosisandmanagement.Clin
Immunol. 2019 Jan;198:19-30. doi: 10.1016/j.clim.2018.11.007.

. KimD, ShinJA, Han SB, Chung NG, Jeong DC. Pneumocystis jirovecii

pneumonia as an initial manifestation of hyper-IgM syndrome in an
infant: A case report. Medicine (Baltimore).2019 Feb;98(7):e14559.
doi: 10.1097/MD.0000000000014559.

. Notarangelo LD, Duse M, Ugazio AG.Immunodeficiency with hyper-

IgM (HIM). Immunodefic Rev. 1992;3(2):101-21. PMID: 1554497.

. Ameratunga R, Woon ST, Koopmans W, French J. Cellular and

molecular characterisation of the hyperimmunoglobulin M syndrome
associated with congenital rubella infection. J Clin Immunol.
2009;29:99.

. GroenewegM, Hartwig NG, Poerink-Stockschlader AB, Schweizer JJ,

Bijleveld CM, Bredius RG.Twee kinderen met ernstige, recidiverende
infecties en het X-gebonden hyper-lgM-syndroom [Two children with
severe recurrent infections and the X-linked hyper-lgM syndrome].
NedTijdschr Geneeskd.2003 May 24;147(21):1024-8. Dutch. PMID:
12811975.

. Yazdani R, Fekrvand S, Shahkarami S, Azizi G, Moazzami B,

Abolhassani H, Aghamohammadi A. The hyper IgM syndromes:
Epidemiology, pathogenesis, clinical manifestations, diagnosis and
management. Clin Immunol. 2019 Jan;198:19-30. doi: 10.1016/j.
¢clim.2018.11.007.

. Atarod L, Aghamohammadi A, Moin M, Kanegane H, Rezaei N,

RezaeiKalantariK, etal. Successful management of neutropeniain
apatientwith CD40 ligand deficiency by immunoglobulin replacement
therapy.Iran J Allergy Asthma Immunol.2007 Mar;6(1):37-40. PMID:
17303928.

. Winkelstein JA, Marino MC, Ochs H, Fuleihan R, Scholl PR, Geha

R, etal. The X-linked hyper-IgM syndrome: clinical and immunologic
features of 79 patients. Medicine (Baltimore). 2003 Nov;82(6):373-
84. doi: 10.1097/01.md.0000100046.06009.b0.

. LevyJ, Espanol-BorenT, Thomas C, Fischer A, Tovo P, Bordigoni P, et

al.Clinical spectrum of X-linked hyper-lgM syndrome. J Pediatr. 1997
Jul;131(1 Pt 1):47-54. doi: 10.1016/s0022-3476(97)70123-9.

. Van Hoeyveld E, Zhang PX, De Boeck K, Fuleihan R, Bossuyt X.

Hyper-immunoglobulin M syndrome caused by a mutation in the
promotor for CD40L. Immunology. 2007 Apr;120(4):497-501. doi:
10.1111/1.1365-2567.2006.02520.x. Epub 2007 Jan 17. PMID:
17244160.



432 Arq Asma Alerg Imunol — Vol. 5, N° 4, 2021 X-linked hyper-IgM syndrome simulating inflammatory bowel disease — Cardoso NLL et al.

19. LougarisV, Badolato R, Ferrari S, Plebani A. Hyperimmunoglobulin

M syndrome due to CD40 deficiency: clinical, molecular, and No conflicts of interest declared concerning the publication of this

immunological features. Immunol Rev. 2005 Feb;203:48-66. doi: article.
10.1111/j.0105-2896.2005.00229.x. PMID: 15661021.
20. WangWC, Cordoba J, Infante AJ, Conley ME. Successful treatment Corresponding author:
of neutropenia in the hyper-immunoglobulin M syndrome with Nara Lillian Lima Cardoso
granulocyte colony-stimulating factor. Am J Pediatr Hematol Oncol. E-mail: nara_lillian @ hotmail.com / janairafs @ gmail.com

1994 May;16(2):160-3. PMID: 7513136.



