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Abstract
Background: Leukocyte adhesion deficiency type 1 (LAD-1) is an inborn error of immunity char-
acterized by a defect in leukocyte trafficking.
Methods: Patients with clinical suspicion of LAD-1 were referred to our institution. Complete 
blood count and flow cytometric analysis, to identify the expression of CD18, CD11b, and the 
lymphocyte population phenotyping, were performed, and statistical analysis was completed.
Results: We report clinical manifestations and immunological findings of six Mexican patients 
diagnosed with LAD-1. The diagnosis was based on typical clinical presentation, combined with 
laboratory demonstration of leukocytosis, and significant reduction or near absence of CD18 
and its associated molecules CD11a, CD11b, and CD11c on leukocytes. We found atypical man-
ifestations, not described in other countries, such as early-onset autoimmunity or infections 
caused by certain microorganisms. 
Conclusions: Patients with LAD-1 may present with atypical manifestations, making flow 
cytometry an indispensable tool to confirm the diagnosis. We present the first report of LAD-1 
patients in a Latin American country. 
© 2023 Codon Publications. Published by Codon Publications.
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for whole-blood samples with anticoagulant ethylenedi-
aminetetraacetic acid (EDTA) (BD Vacutainer®; NJ, USA) and 
stained with the following mixtures of monoclonal antibod-
ies (mAbs): anti-CD45-FITC/anti-CD14-PE, anti-CD3-FITC/
anti-CD19-PE/anti-CD45-PerCP, anti-CD4-FITC/anti-CD8-PE/ 
anti-CD3-PerCP,  anti-CD3-FITC/anti-CD19-PE/anti-CD45-
PerCP, and anti-CD3-FITC/anti-CD16+56-PE/anti-CD45-PerCP.

In addition, IgG1-FITC/IgG2-PE/anti-CD45-PerCP were 
used for isotype controls. All antibodies were purchased 
from BD Biosciences (San Diego, CA, USA). Samples were 
incubated for 20 min at room temperature in the dark. 
After incubation, erythrocytes were lysed by suspending 
the cells in 500-mL fluorescence-activated cell sorting 
(FACS) lysing solution (BD Biosciences) for 10 min. Cells 
were washed with phosphate-buffered albumin (PBA) (1% 
bovine serum albumin in PBS) and fixed using 1% formalin in 
phosphate-buffered saline solution (PBS).

Expression of CD18 and CD11b

To identify the expression of CD18 and CD11b, periph-
eral blood was stained with the following combi-
nation of monoclonal antibodies: anti-CD14-APC/
anti-CD18-PE-Cy5/anti-CD11b-FITC. In addition, IgG1-FITC/IgG1-PE/ 
anti-IgG1-PE-Cy5 (Beckman Coulter, Brea, CA, USA) were 
used for isotype controls. Samples were incubated for 
20  min at room temperature in the dark. After incuba-
tion, erythrocytes were lysed by suspending the cells in 
500 ml FACS lysing solution (BD Biosciences, San Jose, 
CA) for 10  min. Cells were then washed with PBA (1% 
bovine serum albumin in PBS) and fixed using 1% forma-
lin in PBS. Flow cytometry was performed on Arias1® (BD 
Biosciences). The cells were analyzed using the FlowJo 
8.8 software (TreeStar®, Ashland, OR). The analysis strat-
egy is shown in Figure 1.

Genetic Analysis

Genetic analysis was made by either of these two methods:

•	 Genomic DNA was obtained from whole blood by the 
salting-out method. Next-generation sequencing analy-
sis of primary immunodeficiency genes was performed 
using Invitae panel. This diagnostic test evaluated 528 
genes for variants that were associated with primary 
immunodeficiency.

•	 ITGB2 (CD18 gene) mutation analysis.8

o	 Genomic DNA was obtained from Epstein-Barr 
virus (EBV)-B cell lines with DNAzol reagent (Life 
Technologies, Carlsbad, NM, USA). 

o	 Total RNA was extracted from peripheral blood mono-
nuclear cells with TriZOL reagent (Life Technologies) 
and copy DNA (cDNA) converted (SuperScript® III RT; 
Life Technologies). ITGB2 gene was amplified with 
primers spanning complete coding sequence and 
from genomic DNA with primers spanning exon 7. 

o	 The products were sequenced with ABI PRISM® Big 
Dye® Terminator v3.1 cycle sequencing kit (Applied 
Biosystems, MA, USA) according to the manufacturer 
instructions.

Introduction

Leukocyte adhesion deficiency (LAD) is an inborn error 
of immunity (IEI) characterized by a defect in leukocyte 
trafficking.1 It is divided into three types. Type 1 occurs 
most frequently.2 LAD-1 is an autosomal recessive disease, 
characterized by pathogenic variants in ITGB2 gene. This 
gene is located on chromosome 21 and encodes the β chain 
(CD18) of β2 integrins. Deficiencies or defects of CD18 
affect the migration of leukocytes to the sites of inflamma-
tion or infection, making the tissues susceptible to infec-
tions. Dysregulation of the interleukin (IL)-23–IL-17 axis has 
been reported in LAD-1 patients, causing decreased wound 
healing.3

Leukocyte adhesion deficiency type 1 (LAD-1) is char-
acterized by recurrent bacterial infections of the skin and 
mucosal surfaces, particularly gingivitis and periodontitis. 
Infections begin at birth or during the first weeks of life. 
Omphalitis (infection of the umbilicus) with delayed sepa-
ration of the cord is typical. Skin ulcers secondary to infec-
tion may expand without healing control. Infections may be 
caused by Staphylococcus aureus and Pseudomonas aeru-
ginosa. Cellulitis and necrotic abscesses, especially in the 
perirectal area, can occur, but the absence of the forma-
tion of pus is the most frequent observation. Neutrophilia 
is marked, usually 5–20 times above the normal range, 
reaching up to 100,000 cells/mm3 during acute infections.4

Survival of the disease without a hematopoietic stem 
cell transplant (HSCT) is lower by 2 years.5

Other clinical manifestations have been reported in 
Mexican patients with LAD-1, such as hepatosplenomeg-
aly, gastroenteritis, pneumonia, otitis, balanoposthitis, 
ecthyma gangrenosum, gluteal cellulitis, oral candidia-
sis, urinary infection, sepsis, and infections caused by 
Escherichia coli, Streptococcus pneumoniae, Klebsiella 
pneumoniae, and cytomegalovirus. Other atypical man-
ifestations are urachus persistence, mucosal bleeding, 
impaired platelet aggregation, and absent clot retrac-
tion. Hemolytic anemia stands out among autoimmunity 
manifestations.6–10

In a Mexican child affected by LAD-1, laboratory find-
ings reported elevated serum levels of immunoglobulin (Ig)
A, IgG, IgM, IgE and C3 and C4 fractions of the complement 
system.10

This was the first report on patients with LAD-1 in a 
Latin American country.

Materials and methods

Patients

Patients with clinical suspicion of LAD-1 were referred to 
our institution. Complete blood count (CBC) and lympho-
cyte population phenotyping were performed. The authors 
established clear policies to secure the privacy of patients.

Lymphocyte population phenotyping

We performed a flow cytometric analysis of controls and 
LAD-1 patients. Lymphocyte populations were enumerated 
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10 months, with onset of symptoms occurring in the first 2 
weeks. The summary of clinical and demographic features 
of the patients is shown in Table 1.11,12 Leukocyte count is 
shown in Table 2.

Case 1

Clinical manifestations in 10-month-old male infant began 
3 days after birth with severe omphalitis and necrosis at 
the infection site (Figure 2A), where Escherichia coli multi-
drug-resistant was isolated, with no response to treatment. 
Debridement was performed and granulocyte colony-
stimulating factor and subcutaneous gamma globulin were 
administered around the wound with total remission. The 
patient required multiple admissions for cytomegalovi-
rus infection, pneumonia, urinary tract infection, gas-
troenteritis, and sepsis treated with adequate evolution. 
Subsequently, the patient presented an autoimmune man-
ifestation characterized by hemolytic anemia. An inborn 
error of immunity was suspected and immunophenotyping 
was performed by flow cytometry. T cells were elevated. 
Nearly no surface expression of CD18 or CD11b leukocytes 
could be found.

A search for pathogenic variants was carried out in data-
bases (Franklin—Genoox, Varsome, and Genomenon) for 
predicting pathogenicity.

Statistical analysis

Statistical analysis was performed using GraphPad Prism, 
version 5.0 (GraphPad Software Inc., La Jolla, CA, USA). 
For the expression of CD18 and CD11b, the two-group com-
parisons were performed using the Mann–Whitney test. The 
results of leukocyte populations were expressed as mean 
value of the highest and lowest value ranges of leukocytes. 
P < 0.05 was considered statistically significant.

Results

Clinical and demographic data of LAD-1 patients

We report the clinical manifestations and immunological 
findings of six Mexican patients diagnosed with LAD-1; five 
were females. Age of patients at diagnosis ranged from 1 to 

Figure 1  Analysis expression of CD18 and CD11b in neutrophils and monocytes by flow cytometry. (A) Neutrophils and monocytes 
were gated in CD14+ and side-scatter regions. Expression of CD18 in (B) neutrophils and (C) monocytes in patients (yellow) 
and healthy donors (violet). Expression of CD11b in (D) neutrophils and (E) monocytes in patients (yellow) and healthy donors 
(violet). The black bar shows a positive expression of CD18 or CD11b. Comparison of expression of CD18 MFI in (F) neutrophils and 
(G) monocytes; and that of CD11b MFI in (H) neutrophils and (I) monocytes in patients (n = 6) and healthy donors (n = 6). Statistical 
differences between patients and healthy donors were compared using the Mann–Whitney U test. *Significant, P = 0.05; **very 
significant, P = 0.01; and ***highly significant, P = 0.001. MFI = mean fluorescent intensity.
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Table 1  Clinical and demographic characteristics of patients with LAD-1.

P1 P2 P3 P4 P5 P6

Gender M F F F F F
Symptomatic age 3 days 2 months 7 days 9 days 6 days 6 days
Age at diagnosis 10 months 7 months 5 months 7 months 1 month 1 month
Parental 

consanguinity
- - - + -  -

Delayed umbilical 
cord separation

 - + +  +  -  -

Superficial organ 
abscess

 + + + -  + + 

Deep organ abscess -  - + - -  -
Omphalitis + + +  + + - 
Diarrhea + - +  - - - 
Infections Omphalitis, 

cytomegalovirus 
infection, 
pneumonia, 
urinary tract 
infection, 
gastroenteritis 
and sepsis

Acute otitis 
media 

Pneumonía, 
otitis media, 
sepsis 
abdominal 

Health care 
associated 
pneumonia 
and abdominal 
wall cellulitis 
in treatment

Late-onset 
neonatal 
sepsis, 
necrotizing 
enterocolitis

Late-onset 
neonatal 
sepsis, 
necrotizing 
enterocolitis

Hepatosplenomegaly 
or hepatomegaly

 -  +  +  -  +  +

Immunoglobulins 
(mg/dL)

IgG 461, IgM 48.8, 
IgA 71.7

IgG: 1500, IgM: 
270, IgA: 119

IgG 1380, IgA 
109, IgM 360 

IgG 1510, IgM 
146, IgA 212

NA NA

Microbiological 
isolates

E. coli multidrug-
resistant, 
Stenotrophomona 
maltophilia 
(central venous 
catheter)

Klebsiella 
oxytoca

Acinetobacter 
baumannii, 
Klebsiella 
pneumoniae, 
Pseudomonas 
aeruginosa, 
and Klebsiella 
oxytoca

E. coli, Candida 
albicans

NA Enterobacter 
aerogenes

NA= not available.

Table 2  Leukocytes count in six Mexican patients with 
LAD-1.

Cell type
Mean 

(×109/L)
Range 

(×109/L)
Reference 

values

Leukocytes 28.6** 12–54 6.0–17.5
Neutrophils 21.2** 6.2–48.6 1.5–6.9
Monocytes 1.49** 0.83–3.24 0.15–1.28
Lymphocytes 4.46 1.08–7.69 3.4–7.6
CD3+ 3.04 0.83–5.45 2.5–5.5
CD4+ 2.12 0.56–3.63 1.6–4.0
CD8+ 0.80 0.15–1.80 0.56–1.70
*CD19+ 0.6 0.07–1.3 0.3–2.0
*CD16+ + CD56+ 0.34 0.2–0.48 0.17–1.10

*One case was not measured (n = 5).
**Out of range.
LAD: leukocyte adhesion deficiency.

patient’s peripheral blood mononuclear cells (PBMCs), 
finding a homozygous nucleotide substitution in exon 7 of 
ITGB2 gene (c.817G>A). This variant was confirmed by the 
sequencing of exon 7 of ITGB2 in patient’s genomic DNA 
(gDNA). Three HSCTs were performed, but with graft rejec-
tion. At the age of 2 years, after myeloablative condition-
ing based on cyclophosphamide and busulfan, the patient 
received umbilical cord blood (UCB) infusion with a total 
CD34+ of CD34 4.4×105, without evidence of engraftment. 
During the aplastic phase, the patient has central line 
infection and acute otitis media, which could be the rea-
son of primary graft failure. A maternal haploidentical cells 
infusion with post-transplant cyclophosphamide depletion 
was performed at the age of 3 years. The patient received 
reduced conditioning regimen based on radiotherapy, 
fludarabine, and cyclophosphamide, was given cyclophos-
phamide for graft versus host disease (GvHD); total dose of 
infusion cell was CD34+ 15×106/kg, engraftment was doc-
umented on day 11 with unstable chimera. Unfortunately, 
the patient experienced the secondary graft failure. Third 
attempt with UCB transplant was performed at the age of 
4 years, conditioning regimen was with total body radio-
therapy, fludarabine, and cyclophosphamide. However, 

Diagnosis of LAD-1 was confirmed with whole exome 
sequencing finding a c.817G>A nucleotide substitution in 
exon 7 of ITGB2 gene. We sequenced the coding exonic 
regions of CD18 gene (ITGB2) in cDNA prepared from the 
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was performed with placement of a colostomy tube. She 
developed peristomatitis and an abdominal wall abscess.

Treatment with antibiotics and perilesional gamma 
globulin was successful. Bacillus licheniformis was found in 
catheter blood culture, and later gingivitis was analyzed. 
Flow cytometry reported very low expression of CD11b and 
CD18. HSCT using stem cells from UCB was performed at 18 
months of age; myeloablative conditioning with anti-thymo-
cyte globulin, busulfan and cyclophosphamide was applied. 
Infusion of CD34+ 3×106/kg body weight of receptor was 
performed from an all identical UCB and received cyclo-
sporine for GvHD prophylaxis. Her parents declined second 
transplant, and the patient was referred to palliative care.

Case 4

A 2-week-old female infant with a history of inbreeding 
had omphalitis with leukocytosis and neutrophilia. She 
presented with congenital umbilical hernia (Figure 2B), 
Heallthcare-associated pneumonia and she coursed with 
intertrigo by candidiasis, vulvar cellulitis, and Escherichia 
coli was isolated from umbilical secretion. In addition, 
Candida albicans was found in urine culture and she had 
a history of suppurative otitis media. High-resolution lung 
computed tomography (CT) revealed a ground-glass inter-
stitial pattern image and sub-pleural cysts in the posterior 
lobes. She coursed with data suggestive of pulmonary vas-
culitis. Anti-neutrophil cytoplasmic antibodies (ANCA) were 
reported positive. Immunophenotyping by flow cytometry 
showed no surface expression of CD18 or CD11b leukocytes, 
corroborating the diagnosis of LAD-1. The patient did not 
receive HSCT as decided by her parents, and she died at 
home.

Case 5

A 1-year-old female infant, born from consanguineous par-
ents, presented with dermatosis of nonspecific evolution 
on the face, predominantly in the right eye with a cold 
granuloma. A biopsy was performed and mild hyperpigmen-
tation in the epidermis was reported. The dermis showed 
mild diffused fibrosis; no infectious microorganisms were 
identified.

At 18 months, she was diagnosed with persistent duc-
tus arteriosus; clinical management was unsuccessful and 
surgical treatment was performed. The patient presented 
poor wound healing in the posterior thorax (Figure 2C). 
Pseudomonas aeruginosa was isolated on surgical site. 
Laboratory tests revealed moderate leukocytosis with neu-
trophil predominance. Flow cytometry analysis showed low 
levels of CD11b and CD18. The patient did not receive HSCT 
and she died because of pneumonia and fulminant sepsis.

Case 6

A 48-day-old female infant, born from nonconsanguin-
eous parents, started on the sixth day of life with per-
sistent fever. She was admitted for late neonatal sepsis. 
She was diagnosed with necrotizing enterocolitis, and, 
subsequently, she underwent intestinal resection, and 

the patient died 3 days after infusion (CD34+ 3.4×105/kg) 
because of septic shock.

Case 2

A 6-month baby girl was admitted due to a delayed umbil-
ical cord separation. She had a history of eczema at 2 
months and perforated tympanic membrane because of oti-
tis media at 4 months. Her physical examination revealed 
hepatosplenomegaly and a visual ulcerative lesion at 
umbilical scar. Laboratory tests reported microcytic hypo-
chromic anemia and leukocytosis. Immunophenotyping by 
flow cytometry showed no surface expression of CD18 or 
CD11b leukocytes, corroborating the diagnosis of LAD-1. A 
paternal haploidentical HSCT was performed at 18 months 
of age, with alpha/beta CD19+. A reduced conditioning 
regimen with anti-thymocyte globulin, fludarabine, and 
melphalan was imparted. She died 10 days after transplan-
tation because of infections.

Case 3

A 1-week-old female, with a history of consanguinity, had 
omphalitis, delayed umbilical healing, failure to thrive, 
hepatosplenomegaly, and abdominal sepsis. She devel-
oped pericarditis and stye in her left eye. She also pre-
sented recurrent episodes of bacterial pneumonia and 
bilateral suppurative otitis media complicated with sec-
ondary conductive hearing loss. Acinetobacter baumannii 
and Klebsiella pneumoniae were isolated from ear secre-
tions and urine culture, respectively. Other isolation of 
pathogenic germs included Pseudomonas aeruginosa in 
stool culture and Klebsiella oxytoca in vaginal secretion. 
Intestinal ischemia was diagnosed, and intestinal resection 

Figure 2  Cutaneous manifestations in Mexican patients 
with LAD-1. (A) Nonhealing wound in the umbilical area; 
(B)  congenital umbilical hernia and omphalitis; (C) posterior 
thorax ulcer with isolation of Pseudomonas aeruginosa; and 
(D) dehiscence at the surgical sites and poor wound healing.

(A)

(C)

(B)

(D)
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autoimmune manifestations, such as vasculitis. These auto-
immune manifestations could be associated with the fact 
that the circulating primed neutrophils and monocytes 
express ANCA-antigens on the cell surface. The primed 
neutrophils and monocytes, adhered to the endothelium, 
are then activated by ANCA and release reactive oxygen 
radicals and lysosomal enzymes, which lead to endothelial 
cell injury and eventually to necrotizing inflammation.19

In 2022, Kambli et al. reported a multicenter cohort 
that included 106 patients with LAD-1.15 The mean white 
blood count (WBC) was 57×109/L (range: 16.5–167×109/L) 
and the mean of absolute neutrophil count (ANC) was 
40×109/L (range: 11–136×109/L). In spite of the fact that our 
all patients had elevated WBC and ANC, we found a lower 
mean for these parameters, compared to this cohort study.

As described previously in Mexican population with 
LAD-1, we found Escherichia coli, Klebsiella pneumoniae, 
and cytomegalovirus infections.6,7,9,10 However, infec-
tions caused by Acinetobacter baumannii, Klebsiella oxy-
toca, Bacillus licheniformis, and Candida albicans have 
not been reported previously, even in the literature. 
Stenotrophomona maltophilia infection has been associated 
with immunocompromised posits, including certain inborn 
errors of immunity, but it has only been documented in one 
patient with LAD-1,20 so this is the second report in the lit-
erature. Fungal infections can occur in 20% of patients with 
LAD-1.3 We documented that fungal infections were pres-
ent in 16% of our patients (n = 1).

Regarding treatment and based on our experience, sub-
cutaneous administration of gamma globulin at infection 
sites has shown to improve healing and scarring processes 
in patients with LAD-1, as observed in the three patients, 
prescribed this treatment.8

Even though HSCT was possible in only three patients, 
the overall outcome in our study was 100% mortality. The 
rest did not have the clinical conditions to be subjected to 
HSCT.

Patients with LAD-1 undergoing HSCT have a 25% sur-
vival rate up to the age of 2 years.5 In this study, one 
patient with LAD-1 reached a survival age of 6 years after 
three HSCT. However, there are no accurate survival 
reports for LAD-1 patients.

Diagnosis of LAD-1 was based on typical clinical man-
ifestations, combined with laboratory examination of leu-
kocytosis, significant reduction or near absence of CD18 
and its associated molecules CD11a, CD11b, and CD11c on 
leukocytes.21 Three different chains of the leukocyte inte-
grin family (CD11a, CD11b, and CD11c) are dependent on 
one beta chain (CD18) for proper insertion into the cell 
membrane. Absence of functional CD11/CD18 integrins on 
leukocytes, particularly neutrophils, leads to their incapac-
ity to adhere to the endothelium and migrate to infection 
sites.3,22

Leukocyte adhesion deficiency type 1 patients with the 
absence of beta 2 integrins succumb to infection early in 
life. We must consider leukocyte and neutrophil counts of 
patients presenting with a delayed detachment of umbilical 
cord, omphalitis, and severe infections. Additionally, the 
characterization of CD18 and CD11 levels by flow cytometry 
is essential for diagnosis. The expression of CD18/CD11 is 
accomplished by a surface staining of three colors. Staining 
with CD11b is performed because the enhanced adherence 

a colostomy was performed. She presented dehiscence 
at the surgical site and poor wound healing (Figure 2D). 
Treatment with antibiotics and perilesional gamma glob-
ulin was successful. CBC revealed leukocytosis with neu-
trophil predominance. Flow cytometry analysis showed low 
numbers of CD11b and CD18. Invitae primary immunodefi-
ciency panel reported a homozygous variant in ITGB2 gene 
c.295del (p.Ser99Profs*5). She was diagnosed with LAD-1, 
and died 15 days later due to infectious complications.

LAD-1 patients with irregular count numbers in 
their leukocyte populations and very low  
expression of CD18/CD11b proteins

The number of different cell populations of patients was 
evaluated in peripheral blood. As shown in Table 2, the 
absolute counts of leukocytes were high in total leuko-
cytes, neutrophils, and monocytes, outside reference val-
ues. The total lymphocytes population was normal, within 
reference values. To evaluate the expression of CD18 and 
CD11c, staining was analyzed in a region of neutrophils and 
monocytes (Figure 1A). The expression of CD18 and CD11c 
was null in both neutrophils and monocytes, as seen in 
Figure 1A–1E. The expression of CD18 in six patients was 
significantly lower, compared to healthy controls (n = 6), 
in both neutrophils and monocytes (P = 0.0043 and 0.050, 
respectively). The expression of CD11c in four patients was 
significantly lower, compared to healthy controls (n = 4), in 
both neutrophils and monocytes (P = 0.0260 and 0.0286, 
respectively; Figure 1F–1I).

Discussion

Leukocyte adhesion deficiency type 1 was first described in 
1979 by Hayward et al. as a separate entity among immu-
nodeficiencies.13 Approximately 300 patients with LAD-1 
have been reported globally up to 2022.14 We analyzed six 
patients with LAD-1 in Mexican population during 2011–
2023. Recurrent, severe, and difficult-to-treat bacterial 
infections were the predominant clinical manifestations of 
these patients. Infections usually appear first in the neona-
tal period as omphalitis and umbilical delayed detachment. 
Kambli et al.15 reported delayed umbilical cord separation 
in only 66% of patients. Three of the six patients (50%) in 
our study presented delayed separation of umbilical cord. 
This clinical manifestation is not pathognomonic of LAD-1, 
but it should be suspected in patients who present it, since 
it is described in all case reports.5,15,16

Although autoimmune manifestations in patients with 
LAD-1 have been reported in adolescence or after HSCT,17 
in our study we found these manifestations in one-third 
of the cases (n = 2) but at younger ages and without hav-
ing undergone HSCT. One patient presented autoimmune 
hemolytic anemia that had already been reported,8 and 
the other presented with ANCA-positive pulmonary vascu-
litis. This manifestation has never been described before. 
Interestingly, it has been shown that CD11c expression in 
monocytes is decreased in patients with ANCA-associated 
vasculitis.18 Hence, it is important to measure this marker 
in patients with suspected LAD-1, especially in those with 
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