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Abstract

BACKGROUND

A leukocyte adhesion defect (LAD) is a rare primary immunodeficiency disorder. LAD
type 1 (LAD-1) is the most common, which is caused by ITGB2 mutation resulting in

dysfunction of 2 integrin, which impairs leukocyte adherence to the endothelium.

CASE SUMMARY

The first two cases of LAD-1 in Thailand presented with recurrent omphalitis, soft
tissue infection, marked leukocytosis, and neutrophilia. One patient experienced
delayed umbilical cord separation. Mutation analysis was performed by direct DNA
sequencing of the ITGB2 gene. The results revealed two novel homozygous missense
mutations, ¢.920C>T (p.Leu307Pro) in exon 8 and ¢.758G>A (p.Arg253His) in exon 7,
and one novel homozygous nonsense mutation, c.262C>T (p.GIn88Ter) in exon 4, in the
genomic DNA of the first and second patients, respectively. Heterozygous mutations
were identified in the parents of both patients, suggesting a carrier status. The patients
were administered intravenous antibiotics for infections with good clinical responses.

Hematopoietic stem cell transplantation could not be performed due to the
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unavailability of matched donors. However, a significant decline in infections was
observed after antibiotic prophylaxis. Several follow-up visits were conducted for both

patients. They are currently 6 years old.

CONCLUSION
Molecular analysis is essential for definitive diagnosis, early treatment implementation,

and prevention of LAD-1 in future pregnancy.
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Core Tip: Leukocyte adhesion defect (LAD) is a rare autosomal recessive primary
immunodeficiency disorder characterized by defects in the leukocyte recruitment
cascade. LAD type 1, caused by a mutation in ITGB2, is the most common form. Here,
we report the first two cases of LAD type 1 with a molecularly confirmed ITGB2
mutation in Thailand. At the time of initial presentation, both patients had recurrent
omphalitis, bacterial soft tissue infection, and marked leukocytosis. Molecular analysis
revealed two missense variants and one nonsense mutation. Early identification of these
patients by molecular analysis was proven essential for definitive diagnosiﬂ proper
antibiotic prophylaxis, and initiation of matched donor hematopoietic stem cell

transplantation.

INTRODUCTION

Leukocyte adhesion defect (LAD) is a rare autosomal recessive primary

immunodeficiency disorder affecting one in every 100000 individuals. A deficiency in

2/12




the leukocyte adhesion cascade to the blood vessel wall is the pathogenesis of LAD and
is classified into three types. LAD type 1 (LAD-1) (OMIM#116920), which is caused by a

utation in the ITGB2 gene, is the most common form. The ITGB2 gene (OMIM*600065)
is located on 21g22.3 and encoded the common [ subunit of the B2 integrin protein
(CD18). Dysfunctional B2 integrin is the main defect in LAD-1 and is attributable to
impaired neutrophil firm adhesionl!l. The hallmark characteristics are recurrent
bacterial skin and soft tissue infections, omphalitis, and delayed umbilical cord
separation. In addition, the absence of pus formation is a distinctive featurel2. LAD-1
diagnosis can be confirmed by flow cytometric expression of CD18 and CD11 on
leukocytes or ITGB2 mutation analysis/2?l. To date, more than 110 mutations have been
identified®l. Here, we report the first two cases of LAD-1 with molecularly confirmed
ITGB2 mutation in Thailand. The study protocol was approved by the Institutional
Review Board of the Royal Thai Army.

CASE PRESENTATION

Chief complaints
Case 1: A 21-mo-old Burmese boy presented with prolonged fever and multiple whitish
ulcers in the oropharynx (Patient #1, P1).

Case 2: A 9-d-old Thai girl presented with redness around the umbilical stump
(Patient #2, P2).

History of present illness

P1: The patient had fever and dyspnea for 3 wk. Additionally, he had been previously
treated in Myanmar and Laos; however, his clinical condition had deteriorated, and he
was referred from a rural hospital near the Thai border. He was on the verge of
respiratory failure due to acute upper airway obstruction. Emergency tracheostomy
was performed, and pus with debris extending to the oropharynx, larynx, and epiglottis
was discovered intraoperatively. Streptococcus viridans and Staphylococcus epidermidis

were identified in the pus cultures. Although intravenous antibiotics were
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administered, healing of the wound was difficult. He was re-admitted several times
with chronic wound infections around the tracheostomy site, Pseudomonas aeruginosa
pneumonia, oral candidiasis, and cellulitis. Several organisms, including Staphylococcus
aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa, Salmonella gr.B, and
carbapenem-resistant Enterobacteriaceae Klebsiella pneumoniae were identified in pus
cultures.

P2: At 9 d of age, she presented with fever and abdominal distension. Physical
examination revealed minimal pus with redness around the umbilical stump (Figure 1).
The patient was then diagnosed with omphalitis. Intravenous cloxacillin and
metronidazole were administered; however, her clinical condition worsened.
Omphalitis persisted until 4 wk of age. Pus culture revealed Staphylococcus epidermidis,
Escherichia coli, and extended-spectrum beta-lactamase-producing Klebsiella pneumoniae.
The intravenous antibiotics were switched to carbapenems, with some clinical
improvement. She was re-admitted because of recurrent omphalitis at 6 wk of age. After
administration of intravenous antibiotics for 3 d, her symptoms subsided. At 2 mo of

age, she was referred to our university hospital for assessment of recurrent omphalitis.

History of past illness
P1: The patient had a delayed umbilical cord detachment 30 d after birth and delayed
wound healing, resulting in difficult-to-treat omphalitis.

P2: The patient’s umbilical cord was separated 20 d after birth.

Personal and family history
P1: The patient was born at term with an uneventful pregnancy and delivery history.
The patient completed an extended immunization program based on his age. His sister
had no health issues despite being the second child of consanguineous parents.

P2: The patient was born at term with an uneventful pregnancy and perinatal history.
Her birth weight was 2650 g. BCG and HBV vaccines were administered after birth. She

was the first child of a couple who had denied consanguinity.
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Physical examination
Physical examination of P1 revealed a weight of 9.5 kg (3*¢ percentile) and a height of 82
cm (25%-50% percentile). Multiple whitish ulcers were present on both lips and the oral
cavity, and a BCG scar was observed on the left shoulder. Mild hepatosplenomegaly
was observed.

Physical examination of P2 revealed normal growth parameters. Periumbilical
redness with a lack of pus formation was observed, and a BCG scar was observed on

the left shoulder.

Laboratory examinations
P1: Complete blood count revealed leukocytosis (WBC 94600/ mm?) and neutrophil
predominance (67166/mm?3), while anti-HIV was negative. Bone marrow aspiration
revealed no evidence of hematological malignancy. His parents were asked for
permission to conduct immunologic tests, but they denied due to financial concerns.

P2: Complete blood count showed significant leukocytosis (65300/mm?) and
neutrophilia (46800/mm?®). The lymphocyte populations determined using flow
cytometry, serum immunoglobulin levels, and dihydrorhodamine 123 assays were

normal.

Imaging examinations
P1: Chest radiography showed patchy infiltration in both lower lungs. Computed
tomography of the neck showed obstruction of the upper airway due to an infection
involving the mucosa of the oropharynx, hypopharynx, glottic, and subglottic levels.

P2: Anatomical abnormalities of the umbilicus were excluded by abdominal
ultrasound, which revealed neither a patent urachus nor an omphalomesenteric cyst.

The diagnosis of LAD-1 was suspected in both patients.

FINAL DIAGNOSIS
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The final diagnosis for both patients was LAD-1 with the carrier status in the parents.

TREATMENT
P1: Intravenous cloxacillin, ceftazidime, and amikacin were administered for chronic
wound and soft tissue infections, resulting in good clinical responses.

P2: The use of intravenous gentamycin and ciprofloxacin for recurrent omphalitis

improved her clinical outcome. She has not presented with omphalitis since that time.

OUTCOME AND FOLLOW-UP

Currently, hematopoietic stem cell transplantation cannot be performed because of the
unavailability of matched donors. Sulfamethoxazole-trimethoprim with itraconazole
prophylaxis was initiated and a significant decline in infection was noted. P1 developed
a soft tissue infection around the tracheostomy, and P2 had occasional gastroenteritis
and chronic otitis media in response to antibiotics. Several follow-up visits were

conducted for both patients. They are currently six years old.

DISCUSSION

LAD-1 was first identified in 19796l To date, more than 400 LAD-1 cases have been
reported with the highest prevalence in Iran, the United States, and India in over 100
publicationsl7#l. Our report is the first case series of LAD-1 diagnosed in Thailand.
Patients with LAD-1 usually present in infancy with delayed umbilical cord separation,
omphalitis, and skin infection in both mucosal and subcutaneous tissues. LAD-1 is
classified as mild (LAD-1*), moderate (LAD-1-), or severe (LAD-1°) depending on CD18
expression in neutrophils. Although the CD18 expression study remains unavailable at
our institution, our patients were suspected of having LAD-1° due to the early age of
onset379], Both patients experienced omphalitis at the first presentation, which was also
the most common initial manifestation among patients with LAD-1° in related

studies®1011], However, delayed cord separation after three weeks was only observed in
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P1, suggesting that this clinical feature may not be an essential characteristic of LAD-
10[8-10,12],

Other common infections that have been widely reported in related studies, including
respiratory tract infection and sepsisi>$1%, were not identified in P2, which could
possibly be explained by early diagnosis and antibiotic prophylaxis in this patient. The
spectra of infectious organisms in our patients were similar to those of other reported
cohorts in which bacterial infections, including gram-positive cocci (Staphylococci or
Streptococci) and gram-negative bacteria (Pseudomonas aeruginosa or Klebsiella
pneumoniae) were predominantly identified®911. Marked neutrophilic leukocytosis,
which is the hallmark of LAD-1, was found in both patients.

The BCG vaccine is routinely prescribed for newborns as part of the national
immunization program in Thailand. Vaccine-associated serious BCG infection has been
reported among people with immunodeficiency, particularly severe combined
immunodeficiency and chronic granulomatous disease (CGD)[13l. Furthermore, we
previously described a case of X-linked CGD with disseminated BCG infectionl!4l.
According to the recent vaccination recommendations for primary immunodeficiency
disease, live bacterial vaccines, such as BCG vaccine, are not recommended for patients
with LADI®I, Nevertheless, no BCG vaccine-related complications were reported among
patients with LAD in the most recent systematic review(!3l, except for one reported
Japanese girl with LAD-1 who had necrotizing ulcers after BCG vaccination['¢l. This
phenomenon is explained by a study in mice with abnormal integrins, CD11a and
CD18, which were susceptible to Mycobacterium tuberculosis infection, indicating that
adhesion molecules are essential for mycobacterial immunity'”l. Because BCG
vaccination was administered to both patients at birth, BCG-related complications were
monitored. To date, BCG-related complications have not been observed.

The diagnosis of LAD-1 is based on either the flow cytometric expression study of
CD18 on leukocytes or molecular confirmation. Due to the unavailability of the CD18
expression study at our institution, molecular analysis by direct DNA sequencing of

ITGB2 was performed. Mutations in the ITGB2 gene are heterogeneous, and missense
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mutations are the main cause of LAD-1 deficiency. Most mutations are located in the

highly conserved domain, Von Willebrand Factor type A (VWFA), which consists of 240
amino acids encoded by exons 5 to 9 of the ITGB2 gene. This domain is required for the
enzymatic activity of the p2 integrin (CD18). Other mutations are scattered throughout
the genel3474810],

This study identified three novel mutations: two likely deleterious missense
mutations and one deleterious nonsense mutation. The two missense variants, c.920C>T
(p-Leu307Pro) in exon 8 and ¢.758G>A (p.Arg253His) in exon 7, which were identified
in P1, are located in the VWFA domain, which is highly conserved in the 2 integrin
protein. The c.920C>T variant has never been identified in either the Exome
Aggregation Consortium (ExAC) or the 1000 Genomes Project population databases.
c.758G>A is a rare variant identified in approximately 4 of 8632 individuals of East
Asian ancestry according to the ExAC database and was identified only in the
heterozygous state. Additionally, these two homozygous missense mutations were not
identified in the Thai Reference Exome variant database (1092 unrelated Thai
individuals; T-Rex, https:/ /trex.nbt.or.th/).

Most of the in silico analysis tools consistently predicted these two variants that may
damage protein function (Table 2). Many missense pathogenic variants in nearby
residues in the ITGB2 gene have been reported to be associated with LAD-1Pl These
reasons support the possibility_of “likely pathogenic” for both missense variants in
Myanmar patients with LAD-1. Further in vitro studies may address the possible impact
of amino acid substitutions on the function of 2 integrin. Unfortunately, functional
studies cannot be performed at our institution. Two mutations were detected
simultaneously in some of the previously reported patientsl4. One nonsense mutation,
¢.262C>T (p.GIn88Ter) in exon 4, which was identified in P2, leads to a premature stop
at codon 88 which normally encodes for glutamine and results in loss of both active
VWFA and cysteine rich domains of 2 integrin protein. This nonsense mutation has
never been reported in the ExAC or 1000 Genomes Project databases. The VWFA

domain is crucial for the structural association of a B-integrin subunits for heterodimer
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formation on the cell surface and functional activity. Any significant alterations in this
region will definitely have a deleterious effect on the expression and function of (2
integrin and result in the LAD-1° phenotype among most patients with LAD-118101. Even
though consanguineous marriage was denied by the parents of P2, consanguinity could
not be excluded based on the identification of a novel nonsense mutation in the
homozygous state in the patient and the heterozygous state in both parents.

LAD-1%has an extremely poor prognosis, with the majority of patients dying within
two years of lifel712. Early hematopoietic stem cell transplantation remains the
treatment of choice, but this is unavailable for the majority of affected children in
developing countries, including our patients. Thus, antibiotics used for prophylaxis and
treatment of infections are the mainstay of treatment, while waiting for matched

donors.

CONCLUSION

Herein, we report two classic cases of severe LAD-1. Early onset and recurrent
omphalitis were common pathognomonic signs in our patients. A significant increase in
white blood cell counts combined with neutrophilia should increase the awareness of
LAD-1. Mutation analysis of the ITGB2 gene remains the gold standard for the
diagnosis of LAD-1. Three novel homozygous ITGB2 mutations were identified in these
patients. Molecular investigation is essential for definitive diagnosis, early treatment

implementation, and prenatal diagnosis in future pregnancies.
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