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ABSTRACT 
 

Aims: The study aims to evaluate the potential of the Leukocyte Adherence Inhibition Test (LAIT) 
to discriminate non–IgE-mediated immunoreactivity against Staphylococcus aureus in patients with 
Intrinsic Atopic Dermatitis (IAD). 
Study Design: We retrospectively examined the medical charts of 200 patients diagnosed with IAD 
who were investigated with an ex vivo challenge monitored by LAIT against an extract of S. aureus.  
Place and Duration of Study: The study was conducted at Instituto Alergoimuno de Americana – 
São Paulo – Brazil – between January 2018 and October 2023. 
Methodology: The percentage of Leukocyte Adherence Inhibition (LAI) promoted by the ex vivo 
challenges with S. aureus extract was distributed in ranges through a cascade distribution chart to 
outline the variability of the results. 
Results: The LAI mean was 39.3%; SD 27.6%; ranging from 0% to 100%; mode = 0% (appeared 
33 times). There was a wide range of distribution of LAI results, suggesting that some patients had 
immunoreactivity against the S. aureus allergens while others did not.  
Conclusion: Our preliminary results support that the LAIT performed with S. aureus may 
differentiate diverse degrees of ex vivo immunoreactivity against their allergens in IAD patients. 
 

 

Keywords: Allergy; Staphylococcus aureus; atopic dermatitis; diagnosis; hypersensitivity; leukocyte 
adherence inhibition test; non–IgE-mediated immunoreactivity. 

 

1. INTRODUCTION  
 
Atopic Dermatitis (AD) is one of the multiple 
clinical presentations produced by systemic 
immune hypersensitivity conditions, sharing 
common etiologic features with allergic rhinitis, 
allergic pharyngitis, allergic laryngitis, allergic 
bronchitis, allergic conjunctivitis, allergic 
esophagitis, allergic gastroenteritis, and so on  
[1]. Several known allergens may aggravate AD 
conditions by IgE-mediated or non–IgE-mediated 
immune mechanisms [2]. When patients with AD 
do not present IgE-mediated mechanisms, they 
are diagnosed with Intrinsic Atopic Dermatitis 
(IAD) [3]. Microorganisms are among the leading 
producers of exogenous antigens (allergens) that 
(locally and systemically) elicit hypersensitivity 
immune reactions, increasing dermal 
inflammation and flaring AD symptoms [4]. The 
skin microbiome of AD patients is remarkably 
different from that of healthy individuals [5]. The 
most prevalent human skin-colonizing bacteria 
belong to the Staphylococci group [6]. 
Staphylococci are members of the 
Staphylococcaceae family of bacteria that have a 
thick layer of peptidoglycan in their cell wall that 
retains the primary dye crystal violet (not 
washable by ethanol) at Gram's stain, as seen at 
optical microscopy with a purple coloration, and 
so, broadly classified as Gram-positive cocci 
[7,8]. Among Staphylococcaceae family, 
Staphylococcus aureus is the most dangerous 
pathogen to humans [9]. Its versatility to evade 
the human immune system allows this species to 
produce long-term asymptomatic colonization, 

developing light to moderate chronic and 
recurrent infections that, unusually, may turn into 
severe acute lethal diseases [10]. Therefore, it is 
classified as a pathobiont, i.e., a microorganism 
usually found as a commensal in human skin and 
mucosal surfaces, but that may become 
pathogenic [11]. Although S. aureus may 
circulate through the blood, the superficial 
epidermis is a particularly remarkable location to 
produce damage, mainly through their exfoliative 
toxins that, specifically cleaving human 
desmoglein, produce blisters by separation of the 
keratinocytes of the granular cell layer [12]. Only 
some strains of S. aureus can produce 
epidermolysins, which can be assessed in broth 
cultures through flow-cytometry-assisted 
multiplex immunoassay [13]. Some particularly 
invasive strains of S. aureus may produce 
proteolytic enzymes that can cleave antibodies, 
disarming the host's defenses [14]. The final 
success or failure of S. aureus to produce 
colonization or disease depends on the resultant 
balance between host defenses, the competing 
resident microorganisms, the expression of the 
microbial surface components that allow the 
adherence to host cells, and its self-
downregulation of virulent genes [15]. Usually, 
the strains of Staphylococci that produce 
infections are the same that colonize the host 
during disease-free periods [16]. The prolonged 
evolutionary interplay between humans and 
Staphylococci developed in these 
microorganisms a wide variety of mechanisms to 
evade host defenses and resist antimicrobial 
peptides produced by human epithelia [17]. 
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These defense mechanisms allow these 
microorganisms long-term colonization and, 
sometimes, persistent or recurrent skin infections 
[18]. The antimicrobial peptides produced by the 
human epithelia and immune cells usually have 
cationic properties, i.e., present a surface-active 
cation that interacts with the usually negatively 
charged phospholipids of the bacteria's 
cytoplasmic membrane [19]. These cationic 
antimicrobial peptides, such as the defensins, the 
cathelicidins, the thrombocidins, and the 
eosinophilic cationic protein, are innate immune 
peptides produced by epithelia, platelets, and 
immune cells that act directly on bacteria, 
disrupting their membranes, as well assisting the 
function of immune cells [20]. Human 
eosinophilic cationic protein has a particular 
pore-formation mechanism producing channels 
at the target membrane that are relatively 
resistant to the effects of changes in the 
electrical field, resembling the channels 
produced by Complement C9 polymerization 
[21]. Eosinophilic cationic protein is one of the 
most frequently reported biomarkers for AD 
severity [22]. Human immunity against 
Staphylococci is based primarily on the innate 
immune system and secondarily on the adaptive 
immune system [23-25]. The antibody-
independent cytotoxicity activity of normal 
circulating human leukocytes is a long-time 
described phenomenon that most properly can 
explain the immune mechanisms involved in the 
pathogenesis of AD [26]. Another antimicrobial 
mechanism probably associated is autophagy 
[27]. Autophagy is a well-described immune 
mechanism that mediates tolerance to S. aureus 
to limit the damage inflicted by its alpha-toxin to 
endothelial cells [28]. Also called efferocytosis, 
autophagy is an innate defense mechanism of 
engulfing infected apoptotic cells by primary 
human macrophages developed to limit intra-
cellular bacterial infection [29]. C1q has a 
particular function in autophagy since it directly 
binds to the modified lipoproteins of apoptotic cell 
membranes, acting as an opsonin to enhance 
their macrophage uptake [30]. 
 

The C1q opsonization also signals the change of 
the lipid-loaded macrophages towards an anti-
inflammatory-resolving phenotype [31]. Most 
patients with AD are colonized and/or infected 
with S. aureus [32]. The dysbiosis and the 
temporal shifts in the skin microbiome, with an 
increased proportion of S. aureus and decreased 
skin bacterial diversity, are particularly related to 
AD's inflammatory flares [33]. This vicious cycle 

of antigen-specific activation, tolerization, and 
reactivation of immune pathways is a particularly 
well-described dose-dependent phenomenon 
induced by S. aureus superantigens [34]. Clonal 
anergy may be induced by high doses of specific 
antigens, blocking the production of T-cell 
cytokines, which is studied under the perspective 
of T-cell exhaustion [35,36]. Activating the 
silencing adaptive pathways may turn the innate 
immune system too sensitive to antigenic stimuli, 
leading to a significant immune checkpoint error 
and changing the protective activity into a 
deleterious inflammatory disease [37].  
 
The Leukocyte Adherence Inhibition Test (LAIT) 
is an ex vivo challenge laboratory procedure 
made with viable leukocytes, demonstrating non-
specific immunoreactivity against specific 
microbial allergens [38-43]. Our facility employs 
the LAIT as a triage test to discriminate the 
presence of non–IgE-mediated immune activity 
against suspected allergens before in vivo 
provocation tests or empirical antibiotic 
treatment.  

 
To evaluate the potential of the LAIT to 
discriminate non–IgE-mediated immunoreactivity 
against S. aureus, we retrospectively examined 
the medical charts of patients investigated with 
an ex vivo challenge monitored by LAIT against 
an S. aureus extract. These patients, diagnosed 
with Intrinsic Atopic Dermatitis (IAD), had clinical 
suspicion of skin dysbiosis, non-reactive skin 
tests, and undetectable specific IgE against S. 
aureus.  

 
2. MATERIALS AND METHODS  
 

2.1 Subjects 
 
After receiving Institutional Review Board 
approval from the Instituto Alergoimuno de 
Americana (Brazil; 08/2023), we proceeded with 
the electronic chart review of 7,800 allergic 
patients who attended our outpatient facility from 
January 2018 to October 2023. A cohort of 200 
patients had been submitted to an ex vivo 
allergen challenge test with S. aureus extract 
monitored with LAIT. The cohort counted 82 
males; mean age 52.3 years; SD 19,1 years; 
range 18 to 93 years. We offered this procedure 
to patients with IAD who had an inconclusive 
investigation performed with allergic skin tests 
and undetectable specific IgE against S. aureus 
performed with ImmunoCAP® [44]. 
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2.2 Antigen Extract 
 
The S. aureus extract was acquired from CEMA 
– Centro de Manipulações em Alergia (NOVAK) 
– Álvaro de Carvalho – SP – Brazil and used to 
perform the LAIT and allergic skin tests [44].  
 

2.3 Ex vivo Investigation: Leukocyte 
Adherence Inhibition Test 

 
The LAIT was performed as we described 
previously (Olivier et al.) [45-53]. Shortly, each 
donor's fresh  plasma was  divided   into two 
parts and used in   paralleled ex vivo   
challenging   tests with S. aureus extract and the 
unchallenged   plasma   assay. We collected the 
plasma with high leukocyte   content (buffy coat) 
from the heparinized tube after one hour of 
sedimentation at 37 °C. Then we distributed 
aliquots of 100 μL into   Eppendorf   tubes kept 
under agitation for 30   minutes (200 rpm at 37 
°C) with (or without, as used as control) antigen 
extract (10μL of a solution with 1mg/mL and pH 
7.5). After incubation, the plasma was allocated 
into a standard Neubauer hemocytometer 
counting chamber with a plain, non-metallic glass 
surface and left to stand for 2 hours at 37 °C in 
the humidified atmosphere of the covered water 
bath to allow leukocytes to adhere to the glass. 
Next, we counted the leukocytes, removed the 
coverslip, and washed the chamber by 
immersion in a beaker with PBS at 37 °C. Then, 
we added a drop of PBS to the hemocytometer's 
chamber and allocated a clean coverslip over it. 
The remaining cells were counted in the same 
squares as previously examined. The percentage 
of Leukocyte Adherence (LA) of each assay was 
estimated as: (the number of leukocytes 
observed on the hemocytometry chamber after 
washing divided by the number of leukocytes 
observed on the hemocytometry chamber before 
washing) and multiplied by 100 (%). The 
Leukocyte Adherence  Ratio (LAR) was 
estimated based on the ratio between the LA 
from the antigen-specific   challenged  groups 
and the LA from the   unchallenged control 
group: LAR = LA of the challenged sample 
divided by LA of unchallenged control sample 
multiplied by 100 (%). To calculate the Leukocyte 
Adherence Inhibition (LAI) further, we   
subtracted the LAR from 100 (%). We employed 
the LAI results for the cascade  distribution chart 
and the statistics calculations, both performed 
with the help of the Microsoft Excel® statistical 
package. 
 

3. RESULTS 
 
As a retrospective survey, there was no research 
protocol; therefore, we report the incidental 
immune investigation as registered in the digital 
medical charts. The LAI mean was 39.3%; SD 
27.6%; ranging from 0% to 100%; mode = 0% 
(appeared 33 times).  
 
There was a wide range of distribution of LAI 
results, as outlined by the cascade distribution 
chart in Fig. 1. Thirty-three patients ignored the 
presence of the allergen on the plasma and 
presented no inhibition of leukocyte adherence 
after contact with the S. aureus extract (16.5 % 
of the tests). Some patients showed low or 
moderate immunoreactivity during the ex vivo 
challenge test against the S. aureus extract. In 
contrast, others displayed strong 
immunoreactivity that possibly would reflect the 
S. aureus allergens' participation in the dermal 
inflammatory condition. 
 

4. DISCUSSION 
 

S. aureus is a master commensal able to turn on 
the production of several virulence factors to 
survive when stressed by the host's immune 
defenses. When activated, these virulence 
factors transform S. aureus into an ultimate 
pathogen able to produce from chronic mild 
conditions to debilitant and severe diseases or 
even acute lethal infections [54]. 
 
The immune activity testified by the LAIT may 
represent the stress pressed upon the pathobiont 
S. aureus by the host immune system. This 
immune activity may activate S. aureus virulence 
and contribute to the inflammation responsible 
for AD symptoms, turning the condition into a 
vicious circle that progressively aggravates the 
symptoms. AD is a condition where colonization 
of commensal bacteria such as S. aureus is both 
a cause and a consequence of allergic 
inflammation [55,56]. More than 90% of adults 
with AD have either S. aureus detected in their 
nares or skin [57]. S. aureus is a remarkable 
concern for physicians managing AD since 
reducing its colonization through systemic and 
topical antibiotic treatment decreases the 
inflammatory flares [58,59]. Phytotherapy 
exploits herbal options such as Tea Tree 
essential oil (Melaleuca alternifolia) to control the 
development of staphylococcal and streptococcal 
infections [60-62]. 
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The propaedeutic investigation of hypersensitivity 
against S. aureus is routinely performed through 
allergic skin tests and dosage of specific IgE, 
which are limited tools that evaluate the humoral 
component of the adaptive immune arm [63,64]. 
The laboratory research of specific IgE is mainly 
directed against the superantigens secreted by 
S. aureus [65]. However, the innate immune arm 
performs the primary immune reconnaissance of 
S. aureus [23]. The employment of the LAIT 
explores the involvement of innate immune 
mechanisms in search of a demonstration of the 
hyperactivity of these pathways. The concept of 
"innate hypersensitivity reaction" is not new, but 
it was first elaborated by Rajan, who re-
elaborated the Gell and Coombs classification, 
defining the "type V" hypersensitivity reaction as 
a deleterious innate reaction against pathogenic 
antigens [66]. Nowadays, the interaction between 
the innate and adaptive arms to produce 
hypersensitivity reactions may be appreciated by 
recent mouse models demonstrating that the 
inflammatory flares of AD skin are related to the 
activity of CD4+ Tissue-Resident Memory cells 
recruiting the infiltration of neutrophils [67]. More 
recently, the Gell and Coombs classification was 
extended into nine different types and subtypes 
comprising three types of antibody-mediated 
hypersensitivity reactions (I-III); three subtypes  
of cell-mediated hypersensitivity reactions  
(subtypes IV, a to c); two types of tissue-driven 
mechanisms (V-VI) hypersensitivity reactions; 
and the ninth type of mechanism as a direct 
response to chemicals (VII). It is recognized that 
in the clinical set, several combinations of mixed 
types may produce the final symptoms [68]. The 

significant variability in immunoreactivity found in 
our study corroborates this viewpoint. 
 
Performing the ex vivo challenge test with the 
leukocyte buffy coat allows the exploitation of an 
extensive range of immune possibilities of 
interactions among innate and adaptive immune 
cells and humoral factors with the allergens, 
practically covering all types of hypersensitivity 
reactions  [69-74]. Remarkably, the LAIT alone is 
not able to conclude a diagnosis. The clinical 
diagnosis is accomplished by the responses to 
the in vivo challenges, the skin colonization, the 
exclusion of the allergens by use of antibiotic 
therapy, and the close observance of the 
symptoms after its discontinuation. 
 
The results from the ex vivo challenge test 
monitored by LAIT against S. aureus extract 
ranged through all the possible extension 
spectrum (from 0% in 16.5% of patients to 81-
100% in 8.5% of patients), demonstrating a 
significant variability of immunoreactivity in a 
group of patients with IAD on this retrospective 
preliminary survey (see Fig. 1). The results 
suggest that most patients already had a 
previous immunological experience with their 
antigens, while others did not (or tolerated it). We 
employed LAIT as a complementary triage test to 
select worthwhile antigens to proceed with more 
laborious in vivo provocations when the specific 
IgE is undetectable. More studies with 
prospective larger double-blind cohorts need to 
evaluate the potential contribution of LAIT in 
managing patients with S. aureus non–IgE-
mediated hypersensitivity and IAD. 
 

 
 

Fig. 1. Cascade distribution chart of the range groups of Leukocyte Adherence Inhibition (LAI) 
results (x-axis %) of ex vivo S. aureus extract challenges monitored by the Leukocyte 

Adherence Inhibition Test (LAIT), according to the respective percentage of outcomes over 
200 tests (y-axis) 
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5. CONCLUSION 
 
Our preliminary results (Fig. 1) support that the 
LAIT may differentiate diverse ex vivo degrees of 
leukocyte adherence inhibition against the S. 
aureus extract, suggesting a previous immune 
experience with this agent, either toward a 
complete tolerance or a mild, moderate, or strong 
immunoreactivity. The LAIT positivity does not 
necessarily prove that the complaints presented 
by the patient were due to this specific tested 
antigen. The clinical diagnosis is accomplished 
by the responses to the in vivo challenges, the 
skin colonization, the exclusion of the allergens 
by use of antibiotic therapy, and the close 
observance of the symptoms after its 
discontinuation. More studies with prospective 
larger double-blind cohorts need to evaluate the 
potential contribution of LAIT in identifying 
patients with S. aureus non–IgE-mediated 
hypersensitivity.  
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