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Abstract
Background Primary immunodeficiency disorders (PID) are rare disorders with heterogeneous manifestations, 
overlapping with other diseases such as autoimmunity, malignancy, and infections. This makes the diagnosis very 
challenging and delays management. Leucocyte adhesion defects (LAD) are a group of PIDs in which patients lack 
adhesion molecules on leukocytes needed for their emigration through blood vessels to the site of infection. Patients 
with LAD can present with diverse clinical features including severe and life-threatening infections, early in life, and 
the absence of pus formation around infection or inflammation. There is often delayed umbilical cord separation, 
omphalitis, late wound healing, and a high white blood cell count. If not recognized and managed early, can lead to 
life-threatening complications and death.

Case Presentation LAD 1 is characterized by homozygous pathogenic variants in the integrin subunit beta 2 (ITGB2) 
gene. We report two cases of LAD1 with unusual presentations (post-circumcision excessive bleeding and chronic 
inflammation of the right eye) which were confirmed by flow cytometric analysis and genetic testing. We found two 
disease-causing ITGB2 pathogenic variants in both cases.

Conclusions These cases highlight the importance of a multidisciplinary approach to recognizing clues in patients 
with uncommon manifestations of a rare disease. This approach initiates a proper diagnostic workup of primary 
immunodeficiency disorder leading to a better understanding of the disease, and appropriate patient counseling, and 
helps clinicians to be better equipped to deal with complications.
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Background
Primary immunodeficiency disorders (PID) are rare dis-
eases with an overall global prevalence of 0.02–0.1%. 
There are more than 400 PIDs that have been identified 
so far. The clinical features of these disorders are mostly 
non-specific and overlap with features of infections, 
autoimmunity, inflammation, allergies, malignancies, 
etc. [1]. Because of the overlapping symptoms and lack of 
awareness about these rare disorders, there is a tendency 
to miss these diseases and thus hampers or delays proper 
patient management [2].

Leucocyte adhesion defects (LAD) are a group of PIDs, 
characterized by the absence of adhesion molecules on 
leucocytes resulting in an inability to migrate to the site 
of infection and inflammation. This results in recurrent 
severe infections, mostly early in life, leading to failure 
to thrive and death if not recognized and managed early 
[3, 4]. LADs are classified into types-I, II, and III, catego-
rized by the presence of homozygous pathogenic variants 
in the ITGB2, SLC35C1, and FERMT3 genes, respectively 
[3, 5–8]. Recently a type 4 LAD has been described as 
characterized by pathogenic variants in the transmem-
brane conductance regulator (CFTR) gene. In LAD 4, the 
defects are present mainly in monocytes, unlike in LAD 
I-III, where the main defects are in the neutrophils [3, 
9]. LAD can be presented with diverse clinical features. 
However, the common features in all cases are charac-
terized by a high total leucocyte count (TLC) count in 
the blood due to their inability to move out to the site of 
infection and the absence of pus formation around infec-
tion or inflammation [6, 10].

Here we report two cases of leukocyte adhesion defi-
ciency type1 with heterogeneous manifestations. The first 
case was a four-month-old boy, who presented to us with 
post-circumcision bleeding and did not respond to surgi-
cal measures. The second case was of an eight months old 
female child who presented with a granulomatous lesion 

of the right eye with a novel homozygous disease-causing 
variant identified in the ITGB2 gene.

Case presentations
Four-month-old
A four-month-old child presented with delayed wound 
healing post-circumcision and sepsis. During the hospital 
stay, he developed multiple necrotic lesions around the 
perineum, thighs, gluteal region, and neck (Fig.  1). On 
examination, he was anemic and febrile with a tempera-
ture of 39°C. There was no pus formation in and around 
the wounds and the penis had sloughed off. The wound 
swab culture grew Klebsiella species and Acinetobacter. 
During admission, the patient also developed an ear 
infection. Ear discharge and blood cultures grew pseudo-
monas. There was no hepatosplenomegaly or lymphade-
nopathy and no abnormality was found in the rest of the 
clinical examination, including the respiratory system, 
cardiovascular system, and nervous system.

Because of non-healing wounds and sepsis, a multidis-
ciplinary action was taken involving infectious disease 
specialists and immunologists, and pediatric urologists.

Further history revealed that he was born of consan-
guineous marriage at full term by the caesarian section. 
He was the second child in the family and was breast-
feeding. The umbilical cord of this child was separated on 
the 22nd day of birth and there was no omphalitis.

One elder sister died at the age of 2.5 years due to sep-
sis after receiving Bacillus Calmette Guerin (BCG) vac-
cination. According to the parents, she developed an 
infection of BCG scar which later on evolved into sepsis 
and gangrene of the hand, eventually causing the death of 
the child. Because of this family history and clinical pre-
sentation, this patient was not vaccinated.

Considering non-healing wounds and severe difficult-
to-treat infections, and suggestive family history, a work-
up for immunodeficiency was initiated. A preliminary 

Fig. 1 Non-healing ulcers on gluteal regions of patient
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suspicion of primary immunodeficiency included chronic 
granulomatous disease, IFN-γ-IL-12 axis defect, leuko-
cyte adhesion deficiency (LAD), and Chediak Higashi 
syndrome. Other immunodeficiencies were also consid-
ered initially but with very low probability including cel-
lular immunodeficiency and antibody deficiency. Initial 
investigations showed normal levels of immunoglobulin 
(IgG, IgM, and IgA) and slightly raised IgE (Table 1). His 
total leucocyte count was very high with relative neu-
trophilia. Accordingly, all lymphocyte subsets (T, B, and 
NK) were also increased (Table 1). The neutrophil func-
tion test was negative by both the nitroblue tetrazolium 
slide test (NBT) and dihydro rhodamine (DHR) assay 
by flow cytometry (Table  2 and Fig.  2a). Flow cytomet-
ric analysis for adhesion molecules showed a complete 
absence (< 1%) of CD11 and CD18 on granulocytes con-
sistent with leucocyte adhesion deficiency type 1 (LAD1) 
(Fig. 2b). Therefore, the ITGB2 gene was screened for a 
pathogenic gene variant. A homozygous likely pathogenic 

variant (c.817G > A; p. Val273Met) was identified con-
firming type 1 LAD.

The patient was rigorously managed surgically and 
medically. Hemostatic suturing of bleeders was applied 
at the penile shaft and daily dressing was done. He was 
given broad-spectrum intravenous antibiotics and an 
injection of vitamin K. Blood and platelets were also 
transfused. He was subsequently discharged on oral anti-
biotics. At the time of discharge, his hemoglobin was 
10.6 mg/dl, TLC was 59 × 103 cells/ µl and platelets were 
244 × 103/µl. Parents were counseled to maintain strict 
hygiene, regular follow-up, and prenatal diagnosis in a 
subsequent pregnancy. They have also advised bone mar-
row transplantation of their child.

Two years and eight months old
Two years and eight-month-old female child presented 
with right eye swelling. It started as a pustule on the right 
eyelid two months back. There is an associated high-
grade fever. On examination, the patient was febrile and 

Table 1 Laboratory test results
a. Case 1
Age: four months
Hematological Parameter Reference ranges
Hemoglobin level 8.6 g/dl 11.1–16.3 g/dl

Total Leucocyte Count 119 x 103 cells/µl 4–10 x 103 cells/µl

Neutrophils 82% (97.5 103/ µl) 40–80% (2–7 x 103 cells/µl)

Lymphocytes 11% (13.1 103/ µl) 20–40% (1–3 x 103 cells/µl)

Monocytes 7% (8.3103/ µl) 2–10% (0.2-1 103 cells/µl)

Platelets 94 x 103/ µl 150-410x 103 cells/µl

Peripheral film: Normochromic, leukocytosis with predominant neutrophilia Normochromic, Normocytic

Blood group: B Positive

Immunological Work-up Reference range

Serum Immunoglobulins (Ig)

IgG 10.5 2.3 to 14.1 g/l

IgA 1.19 0-0.83 g/l

IgM 2.00 0-1.45 g/l

IgE 272 < 100 IU/ml

Neutrophil Function test:

NBT1 slide test No abnormality detected

Dihydrorhodamine (DHR) Test Stimulation Index (SI) = 400 (Control = 200)

Lymphocyte subset analysis: % Ratio Cells/µl % Ratio Cells/µl

Total CD3+ T cells 72 8251 57 to 81 1000 to 4900

CD3+CD4+ (helper) T cells 46 5272 24 to 47 500 to 2700

CD3+CD8+ (cytotoxic) T cells 27 3094 17 to 37 300 to 2100

CD16+56+ (NK2) cells 14 1604 8 to 28 200 to 900

CD 19+ (B) cells 14 1604 10 to 27 200 to 2200

Flow cytometric analysis for CD11/CD18 expression of CD11b, CD11c, and CD18 was less than 1% on the patient’s neutrophils.

Other tests:

C-reactive Protein-H (CRP-H) 35 mg/dl < 0.744 mg/dl

Anti-HIV3-IgG Negative Negative

Anti-HCV4-IgG Negative Negative

Mutation analysis for beta 2 integrin gene Homozygous variant in ITGB2 (c.817G > A) gene, reported being pathogenic according to HGMD-
public database.
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irritable. The right eye was red and swollen and almost 
closed with a scab formation. The chest was clear and the 
abdomen was soft with no visceromegaly but there was a 
reducible umbilical hernia. CT scan and MRI brain find-
ings were consistent with a large heterogenous abscess in 
the inferior margin of the right globe extending into the 
right intraconal component which can be due to chronic 
granulomatous infections such as mycobacterium tuber-
culosis (MTB) or fungal infections The lesion did not 
involve maxillary bones and was confined to the soft tis-
sues of the orbit. Paranasal sinuses were clear. An exci-
sion biopsy of the lesion confirmed abscess formation 
but was negative for fungal infections. The smear was 
negative for acid-fast bacilli and MTB was not detected 
in the pus by GeneXpert testing. Cultures from the 
wound showed Pseudomonas aeruginosa. Blood cultures 

were negative. The child was put on ciprofloxacin and 
voriconazole.

Further history revealed delayed shedding of the umbil-
ical cord at one month of age but there was no ompha-
litis. She was born of consanguineous marriage and was 
vaccinated only for BCG after which she developed a 
high-grade fever. Family history was significant for a 
death of a sibling (male) at 8 months of age 5 years back 
due to sepsis. He had omphalitis and a severe reaction to 
BCG vaccination. One sister (7 years) and one brother (2 
years) are alive and healthy.

Complete blood counts showed a very high TLC 
(142 × 103/µl) with predominant neutrophilia. Consider-
ing the significant history of infections, reaction to BCG 
vaccination, family history of the death of a sibling, and 
a very high TLC count, an immunodeficiency workup 
was initiated. Serum Immunoglobulins and complement 

Table 2 Laboratory test results
b. Case 2
Age: two years and eight months
Hematological Parameter Reference range
Hemoglobin level 5.6 g/dl 11.1–16.3 g/dl

Total Leucocyte Count 142 x 103 cells/µl 4–10 x 103 cells/µl

Neutrophils 87% (124 x 103 cells / µl) 40–80% (2–7 x 103 cells/µl)

Lymphocytes 10% (14.2x103 cells / µl) 20–40% (1–3 x 103 cells/µl)

Monocytes 0 2–10% (0.2-1x 103 cells/µl)

Eosinophils 1% (1.4x103 cells / µl) 1–6% (0.02–0.5 x 103 cells/µl)

Platelets 94 x 103 cells / µl 150-410x 103 cells/µl

Peripheral film: hypochromic, anisocytosis, leukocytosis with 
neutrophilia

Normochromic and normocytic

Blood group: O positive

Immunological Work-up Reference range

Serum Immunoglobulins (Ig):

IgG 9.5 2.3 to 14.1 g/l

IgA 0.9 0-0.83 g/l

IgM 1.5 0-1.45 g/l

IgE 476 < 100 IU/ml

Complements (C)

C3 0.8 0.8–1.73 g/l

C4 0.19 0.13–0.47 g/l

Lymphocyte subset analysis: % Ratio Cells/µl % Ratio Cells/µl

Total CD3+ T cells 57 8580 57 to 81 1000 to 4900

CD3+CD4+ (helper) T cells 36.7 5580 24 to 47 500 to 2700

CD3+CD8+ (cytotoxic) T cells 17.5 2670 17 to 37 300 to 2100

CD16+56+ (NK1) cells 10.1 1540 8 to 28 200 to 900

CD 19+ (B) cells 31.4 4780 10 to 27 200 to 2200

Flow cytometric analysis for CD11/CD18 expression of CD11c, and CD18 were less than 1% on the patient’s neutrophils, while expres-
sion of CD11b was 74%

Other tests:

C-reactive Protein-H (CRP-H) 35 mg/dl < 05 mg/dl

Anti-HIV2-IgG Negative Negative

Anti-HCV3-IgG Negative Negative

Mutation analysis for beta 2 integrin gene A homozygous splice-site variant (c.994–1G > C) was detected in the patient.
Abbreviations: HCV = hepatitis C Virus, HIV = human immunodeficiency virus, NK = Natural killer, NBT = nitroblue tetrazolium
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levels (C3 and C4) were normal. Lymphocyte subset anal-
ysis showed high counts of all lymphocytes including T 
cells, B cells, and NK cells. (Table  1b). Flow cytometric 
analysis for CD11/CD18 showed a complete absence of 
CD11c and CD18 (< 1%) on the patient’s granulocytes 
(Fig.  2b). Genetic analysis showed a novel homozygous 
splice-site pathogenic variant (c.994‒1G > C), consistent 
with the diagnosis of leukocyte adhesion deficiency type 
1 (LAD 1) (Table 2 and Fig. 3).

The patient was treated vigorously for infections with 
vancomycin, voriconazole, and cefixime. Her wound 
became slightly better, her fever subsided and TLC 
counts dropped to 50 × 103/µl.

Discussion and conclusions
PIDs are very rare disorders with heterogeneous mani-
festations. The main clinical features of these disorders 
are recurrent severe infections, and the diagnosis is often 
missed or delayed. Moreover, genetic testing is often 
required to make a definite diagnosis [3, 4].

PIDs are classified according to the defects in cells 
or molecules and the resulting phenotypes [1]. LAD is 
characterized by severe and recurrent infections due to 
defective chemotaxis of leucocytes. The migration of leu-
cocytes along blood vessel walls and their emigration to 
the site of injury involves various sets of adhesion mole-
cules. These molecules are expressed on both resting and 
stimulated endothelial cells and leucocytes. Depending 
upon the defect in the expression of different adhesion 
molecules, LAD is categorized into LAD I to III. In LAD I 

Fig. 2 Flow cytometric analysis
a: Dihydrorhodamine assay by flowcytometry showing normal oxidative burst by neutrophils There is a normal shift from baseline after stimulation in the 
patient compared to healthy control and the patient’s mother’s leucocytes. The Stimulation index of neutrophils after stimulation Vs. unstimulated cells 
were more than 100 in healthy control, mother, and patient.
b: Flow cytometric analysis of leukocyte adhesion molecules (CD11b, CD11c, CD18). Expression of CD11b, CD11c and Cd18 was absent (<1%) on granu-
locytes in case 1, and in case 2, there is absence (<1%) of CD11c and CD18 the patient?s granulocytes, while expression of CD11b was 74%
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there is a defect in ß2 integrins on leucocytes, In LAD II, 
there is the absence of fucosylated ligands for selectins, 
and in LAD III, ß2 integrins are present but functionally 
defective [5, 8].

The defect in LAD I is due to biallelic loss of the ITGB2 
gene, encoding the β2 subunit of integrin. This leads to 
decreased expression of CD11a (αLβ2, LFA-1), CD11b 
(αMβ2, Mac-1), CD11c (αXβ2), and CD11d (αDβ2) inte-
grins on leucocytes that hampers their migration to the 
site of infection or inflammation in the tissues from blood 
[3, 8, 12]. As a result, there are recurrent infections, espe-
cially bacterial and fungal infections of varying severity, 
non-healing wounds without pus formation, and early 
death usually in infancy [3, 8]. There is often a history of 
delayed separation of the umbilical cord and omphali-
tis [3, 8, 11–13]. More than 150 gene variants have been 
identified in patients with LAD1 (OMIM # 600,065) 
including gross deletion, insertion, nonsense, and mis-
sense variants, etc. that were usually found pathogenic 
[6, 11, 21–23]. The product of this gene belongs to the 
integrin beta chain family of proteins, known to partici-
pate in cell adhesion as well as cell-surface mediated sig-
naling. The variant c.817G > A; p.G273R identified in the 
first case has been reported previously in a patient with a 
moderately severe phenotype of LAD-1 [24]. The variant 
is located in the conserved B2 subunit domain leads to 
the non-expression of the integrin molecule and affects 
heterodimer formation. Another likely pathogenic splice-
site variant (c.994‒1G > C) in the ITGB2 gene is found in 
patient 2 (Table 2; Fig. 3). NetGene2 v. 2.4 (http://www.
cbs.dtu.dk/services/NetGene2/) bioinformatics tools 
were employed to assess the pathogenicity of this variant 
that termed this variant as pathogenic. This variant abol-
ishes the splice junction for exon 8 in the ITGB2 gene and 

is predicted to cause loss of function. The variant is novel 
and not reported in the literature or HGMD (Human 
Gene Mutation Database; http://www.hgmd.org/) but 
reported in the ClinVar database. This variant is observed 
in 1/30,616 (0.0032%) alleles from individuals of South 
Asian background in gnomAD Exomes and is novel (not 
in any individuals) in 1000 Genomes databases. Accord-
ing to the ACMG guidelines, the c.994‒1G > C variant is 
classified as a pathogenic disease-causing. The criteria 
applied were PVS1 (very strong) applied for null variant 
(intronic within ± 2 of splice site) in ITGB2 gene, PP5 
(moderate) ClinVar classifies this variant as likely patho-
genic and PM2 (supporting) either not identified in gno-
mAD genomes or homozygous allele count less than 2 in 
gnomAD genomes.

It should be remembered that PIDs have heteroge-
neous manifestations and therefore requires expertise to 
recognize these disorders. LADs have a very low preva-
lence with less than 400 cases reported to date adding to 
diagnostic dilemmas [14, 15].

In the first case, there was a diagnostic dilemma with 
impaired wound healing post-circumcision which could 
have easily been blamed on the surgeon’s unskilled 
approach. However, a very high TLC count, multiple sub-
sequent infections, and difficult-to-treat wounds led to 
suspicion of primary immunodeficiency.

Various Eye involvement is known with primary immu-
nodeficiency disorders including antibody deficiencies, 
severe combined immunodeficiency, neutrophil function 
defects, complement proteins abnormality, CHARGE 
syndrome, etc. [16]. In LAD, this is not a typical manifes-
tation and there are only case reports showing necrotiz-
ing infection of the eyeball as the presenting feature [17, 
18]. However, staphylococcus aureus, pseudomonas, and 

Fig. 3 ITGB2 gene screening for Leukocyte adhesion deficiency type 1 showing c.994‒1G > C variant

 

http://www.cbs.dtu.dk/services/NetGene2/
http://www.cbs.dtu.dk/services/NetGene2/
http://www.hgmd.org/
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fungi are common pathogens found in LAD patients [19, 
20]. Because of the rarity of this manifestation in LAD, 
the diagnosis in the second case may have been missed. 
But a careful history taking into account the consanguin-
ity and a positive family history with a very high leuco-
cyte count triggered the suspicion and further workup 
for this disorder.

In a Chinese cohort of seven patients, novel mutations 
were identified in four [25]. Tipu et al. [15] have reported 
a genetic analysis of 12 Pakistani patients with five patho-
genic variants in eight cases and one of the identified 
variants was novel.

The significance of these case reports lies in the clinical 
presentation of these children and clues leading to defi-
nite diagnoses which otherwise were diagnostic dilem-
mas. In both cases, there was no omphalitis but there 
were severe recurrent infections and reactions to BCG 
vaccination either in the patient or in the siblings who 
succumbed to intractable infections.

We conclude that in both, cases, the most important 
lesson learned was a multidisciplinary approach and a 
low threshold to suspect primary immunodeficiency that 
leads to a better understanding of the problem. Not only 
that, the family could be counseled to seek proper treat-
ment and precautionary measures to avoid infections and 
complications and opt for bone marrow transplantation.
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