& ()

Republic of Yemen

Ministry of Higher Education & Scientific Research \ iﬂﬁ'ﬂ’ ]

. . . . Ili-'—"'l‘—-ht 2
Emirates International University - R

", -

Faculty of Medicine and Health Sciences 5 EMH%'I‘ES

INTERMAFOMAL
s UMIVEREITY o =

Depart-Medical Laboratory

Patterns of Hypersensitivity among Yemeni patients
attending Elaj Medical Center

A graduation Project submitted to the Faculty of Medicine and
Health Sciences as a Partial Fulfillment for requirement of Bachelor's
Degree in Laboratory Medicine

Submitted by

1. Aya Al-Assouli 2. Ayat Al-Mashdli
3. Doaa Al-Fagih 4. Eman Al-Gurbani
5. Ghadeer Al-Attab 6. Hajar Homed

7. Hana'a Al-Halek 8. Johara Babaer

9. Rasha Al-Qawdari 10. Sameh Al-Adeeb
11. Laith Al-Shibani 12. Lola Al-Ameri

13. Walaa Saboona

Supervised by
Associated Prof. Dr/ Abdulbasit Al-Ghoury

M.Sc. M.D (Head of Medical Laboratory Department, Faculty of Medicine and Health
Sciences, Emirates International University)

20244AD
1445H



‘a__uh_l_“ QA (3
d-\-ﬁﬂ

(114) L




Dedication

Dedication

We have no valuable and sufficient words to express our feeling and
thanks, but we would to lovingly dedication this research to our
respective parents and families, to the hundreds of people in
community who are in pursuit of a healthy living, to our university,

doctors, friends, and all supporters who were a backbone to us.



Acknowledgments

Acknowledgments

Great thanks to Allah for giving us opportunity, determination and strength to

do our Research.

We wish to express our sincere appreciation to our supervisor Associate Prof.
Dr/ Abdulbasit Al-Ghoury for his kind generous help, expert guidance,

encouragement and advice throughout the execution of this study.

We extremely grateful to Prof. Dr/ Saleh Al-Dhahry, the dean of faculty.
Grateful to staff at Emirates International University, Faculty of Medicine and
Health Sciences. In addition, all academic staff. of medical laboratory

department.

Last, not but the least, we would like to thanks Head of Elaj Medical Center

Dr/ Mohammed AL-Shibani and all staff at the Elaj Medical Center.

II



Contents

Contents

page
DediCatioN. . ...t I
Acknowledgement. ....... ... II
| B R 0) H00) 1115 4 LA 11T
LASt Of taADIES. . . oo oot e v
| BTN #:10)0) (51 211 (0) | P \Y4
A DS ACT . oottt VII
Chapter 1 1
-Introduction & The Reason of study
-Aims
Chapter 2
-Literature review 7
Chapter 3
-Subjects and method 45
Chapter 4
-Results 47
Chapter 5
-Discussion 56
Chapter 6
-Conclusions and Recommendations 62
References 64
Appendix 74
81

Arabic summary

I



List of tables

List of tables

Table

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Subject

Distribution of Hypersensitivity among Yemeni patients in
Sana'a city.

Distribution of Immediate Hypersensitivity among Yemeni
patients according to age group and gender
Distribution of Immediate Hypersensitivity among Yemeni

patients according to allergen and gender

Distribution of Immediate Hypersensitivity among Yemeni
patients according to allergen and gender

Distribution of Delayed Hypersensitivity among Yemeni patients
according to age group and gender

Distribution of Delayed Hypersensitivity among Yemeni patients
according to allergen and gender

Association between allergen and Gender.

Distribution of Delayed Hypersensitivity among Yemeni patients

according to allergen and gender

v

page



List of abbreviations

List of abbreviations

Abbreviation Meaning

NCDs

HLA

NIAID

NK

ILC-2

APT

SPT

EBV

EPD

LMICs

Thl

Th2

non -communicable diseases

immunoglobulin G

immunoglobulin E

major histocompatibility complex

Human lecuosit antigen

National Institute of Allergy and Infectious Diseases
natural killer

. Interleukin cells2
atopy patch test
SKIN PRICK TEST
Ebstein Barr virus

An enzyme potentiated desensitization

low - and middle -income countries
T helper 1

T helper 2



Chapter 1 Introduction

SPSS Social Package of Statistical Science
Yrs Years old

Mm Millimeter

USA United States of America

WHO World Health Organization

HDMs House Dust Mites

D. farina Dermatophytes farina

D.PT Dermatophytes metro nsens

VI



Abstract

Abstract

Background: Allergic diseases is a hypersensitivity reaction against
external contact agents and continues to increase throughout the world. If
left untreated; it can cause symptoms of allergic rhinitis, asthma, chronic
urticaria, drug allergy, atopic/contact dermatitis, allergic conjunctivitis,
and chronic rhinosinusitis, so that it can interfere with the quality of life.
This study was conducted to investigate the patterns of hypersensitivity
reaction among Yemeni patients at Elaj Medical Center in Sana'a city,
Yemen during 2023.

Aim of the study: To highlight the importance of routine screening
allergic diagnostic tests skin prick test or serum Ig-E and skin patch test
before any specific allergy management and treatment.

Patients & Methods: Retrospective study to investigate patch test and
skin prick test reactivity among patients with clinical diagnosis of
Delayed or Immediate hypersensitivity reactions-contact /atopic
dermatitis who were referred to the Elaj Medical Center in Sana'a city,
Yemen during 2023. All patients subjected to patch testing and skin prick
testing. Results had read, interpreted and analyzed.

Result: Among 82 cases studied who reacted positively to one or more
allergens, 61 (74.4%) were reacted positively with skin prick tests had
immediate hypersensitivity reactions-atopic dermatitis. While 21 (25.6%)
were reacted positively with patch tests had delayed hypersensitivity
reaction- contact dermatitis. Females had more affected than males with
delayed and immediate hypersensitivity reactions with age range of 31-
40 years, accounting to 33%.

In case of immediate hypersensitivity reactions, the most common
allergens in our study were D. farina and D.PT with frequency 41 & 40,
while less allergens with Candida albicans, Composite, and Hores with
frequency 1% among males and females. The study found that there was
a significant association between allergen (Mimosa) and gender with P=
0.0286 and X? =4.792 among patients with Immediate Hypersensitivity.
Regarding delayed hypersensitivity reactions, the most common allergens
were Paraphenylenediam, and Potassium bichromate but Neomycin
Sulphate was the least allergen. The study found that there was no
significant association between allergen and gender among patients with
Delayed Hypersensitivity.

VII



Chapter 1 Introduction

Conclusions: D.farina and D.PT was the dominant allergen in patients
with atopic dermatitis- immediate hypersensitivity reactions while
Paraphenylenediam, and Potassium bichromate was the dominant
allergen in patients with contact dermatitis- delayed hypersensitivity
reactions. Therefore, that skin prick test and patch test is recommended
to be performed in the management of patients with immediate and
delayed hypersensitivity reactions in order to detect the allergen because
it has significant clinical relevance. We believe that there is a need for
studies in different centers and at different time intervals to obtain more
and more accurate information about the most common allergens in our
country. This is why we want share this study that we conducted in
Sana'a/Y emen.
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1.1 Introduction

The concept “allergy” was originally introduced in 1906 by the ,Viennese Pediatrician
Clemens Von Pirquet after he noted that some of his patients were hypersensitive to normally
innocuous entities such as dust, pollen ,or certain foods (Pirquet, et al.,1906). Historically,
all forms of hypersensitivity were classified as allergies, and all were thought to be caused by
an improper activation of the immune system. Later, it became clear that several different
disease mechanisms were implicated, with the common link to a disordered activation of the
immune system. Philip George, Houthem Gell and Robert Royston Amos Coombs
categorized the main different reaction patterns into four categories: Immediate (type I
hypersensitivity), Cytotoxic (type II hypersensitivity), Immune complex-mediated (type III

hypersensitivity) and Delayed (type IV hypersensitivity) (Coombs & Gell, et al., 1963).

The type I reaction, also known as the immediate hypersensitivity reaction, occurs
because of Ig-E activation of mast cells in the skin as well as the gastrointestinal and
respiratory mucosal linings. Food (e.g. seafood) drugs, transfusion products, insect venom ,
and environmental or inhaled allergens such as pollen, animal dander and house dust mites
are common triggers. Previous exposure to the allergen is necessary for this reaction to
manifest. The first exposure produces sensitization, and subsequent exposure to the same
allergen triggers a cascade of events that produces a reaction within minutes (immediate
reaction) and up to 1 to 3 days afterward (late phase reaction). This reaction may present as
acute urticaria, pruritus, rhinitis, conjunctivitis ,bronchospasm, diarrhea, angioedema or
anaphylaxis. Type-I allergic reactions are easier than type-IV reactions to diagnose because
the offending allergens are often identified from a detailed history of the episode and

preceding events (Leelavathi & Adawiyah, 2021).
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The type IV reaction, also known as the delayed hypersensitivity reaction, is T-cell
mediated and involves two phases. The initial sensitization phase occurs when contact is made
with the allergen, which penetrates the skin. Repeated exposure to the same allergen triggers
an inflammatory reaction manifesting as cutaneous lesions, usually within 12 to 48 hours of
exposure, for weak allergens. This reaction commonly presents on the contact area (localized)
as pruritic and erythematous papules, macules or vesicles that may spread through the
systemic immune response and become generalized. This phenomenon is known as contact
dermatitis with secondary generalization (or id reaction). Contact dermatitis, drug reactions
(e.g. Stevens—Johnson syndrome), and allergic reactions to implants (e.g. joint or dental
implants) are some examples of  type v reaction. (Nosbaum
et al, 2009). These reactions are more complicated because the temporal relationship
between allergen exposure with clinical manifestation is often not clear. Morphology of the
rash is commonly indistinguishable from endogenous eczema and symptoms, such as itch or
erythema, and is highly influenced by environmental factors such as heat, sweat and dust

(Leelavathi & Adawiyah, 2021).

Contact allergy is a delayed hypersensitivity type IV, T cell mediated reaction, CD4
and CD8 T cells activated by T cells ,secretes Lymphokines with fluid and phagocyte
accumulation. Clinical syndrome mediated by type IV hypersensitivity are Tuberculin and
contact dermatitis. Within the contact allergic reaction, two distinct phases are defined: the
induction phase when the sensitization occurs and the elicitation phase when the allergic
contact dermatitis develops. It is not clear whether individual co-factors such as genetic
factors or co-morbidities confer a greater risk for development of contact allergy (Johansen

et al., 2015).
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Patch test studies are often performed in a clinical setting among patients in
dermatological specialist care, but studies in the general population are sometimes performed
with simplified patch test procedures to ensure high participation and make the studies

possible to perform in a population-based setting (Alinaghi et al., 2019).

The patch test is also a necessary step in the diagnosis of allergic contact dermatitis.
Early diagnosis is beneficial, and avoidance of harmful skin exposure to the skin sensitizing
substance can reduce the risk of allergic contact dermatitis and hand eczema.Because the
pathways for type I and type IV allergic reactions are different, the tests required to elicit
these reactions also differ; the type I reaction is evaluated using either a skin prick test (in
vivo) or a serologic test Ig-E (in vitro) while the type IV reaction is evaluated using a skin

patch test (Li JT, 2002 ).

Allergic diseases are increasing in prevalence nowadays worldwide ,particularly in
low and middle-income countries. Allergic diseases include food allergies, certain forms of
asthma, rhinitis, conjunctivitis, atopic dermatitis (urticaria), indoor / insect According to
World Health Organization, 300 million people suffered from asthma, 200 to 250 million
people suffered from food allergies ,one tenth of the population suffers from drug allergies

and 400 million from rhinitis worldwide allergies (WHO, 2007).

Allergic diseases include life-threatening anaphylaxis; asthma; rhinitis; drug, food,
and insect allergies; eczema; and urticaria (hives); angioedema; and eosinophilic esophagitis.
These diseases can cause long -term immune dysfunction and inflammation, which can form
an underlying susceptibility for many other non -communicable diseases (NCDs), such as

diabetes ,obesity and cardiovascular diseases (Pawankar, 2014).
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In Yemen, few studies had conducted that concern with allergic diseases. Obaid et al.
found that Early infant feeding, particularly with artificial milk, is a risk factor predisposing
infants to the development of allergic respiratory disease presented with more clinical features

of wheezing and asthma attack (Obaid et al., 2022).

Other studies found that House Dust Mites(HDMs) play as a main sensitizing allergen
in allergic rhinitis in Taiz, Yemen, while allergic fungal rhinosinusitis can present clinically

in different ways in Aden city (Obaid & Waheed, 2019 & Alshaiby, 2021).
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1.2 Justification of the study:

Yemen Republic is one of developing countries that lacks data of many diseases
including allergic diseases. Both the prevalence and the burden of allergic diseases are

considerable exhibiting prevalence varying between 1 and 20% (Dierick et al., 2020).

Appropriate treatment of allergic reactions along with allergen avoidance ensure a
successful treatment outcome and prevent future reactions. So that allergy testing as a step in
patient management & is a very important prerequisite for specific allergy treatment. Because
of this reason, this study was conducted to detect the patterns of frequency/prevalence of
allergic diseases both atopic & contact dermatitis in our country where very limited data are

available.

1.2. 1. Rationale

To highlight the importance of routine screening allergic diagnostic tests skin prick

test or serum Ig-E and skin patch test before any specific allergy management and treatment.
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1.3 Aims of the study

1.3.1 General objective:

The objective of the study was detecting patterns of Hypersensitivity among Yemeni

patients at Elaj Medical Center in Sana'a city, Yemen during 2023.

1.3.2 Specific objectives:

The specific aims of this study were to:
% detect the prevalence of Immediate Hypersensitivity and its allergens among Yemeni patients.

% detect the prevalence of Delayed Hypersensitivity and its inducers among Yemeni patients.
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2.1 Literature Review

Allergic diseases have been known for centuries, and allergic diseases such as
asthma, urticaria and eczema were described in the ancient medical literature of China,
Egypt, and Greece (De Weck,1997).

The first allergic individual in world history might have been the Egyptian pharaoh
Menes, who — according to the hieroglyphs — died in the year 2,641 B.C. after a wasp sting
(Avenberg, et al., 1986).

The first family history of atopy syndrome with asthma, rhinoconjunctivitis and atopic
eczema can be found in the Julian-Claudian imperial family of Augustus, Claudius, and
Britannicus (20). In the middle ages, “rose fever” with hay-fever-like symptoms was a well-
known entity. Richard III of England was allergic against strawberries according to
Shakespeare (Blackley. 1873).

The word “allergy” (from Greek “changed reactivity”’) was first used by von Pirquet
in1906 for describing hypersensitivity reaction from the immune system and in 1923 Coca
and Cooke used the word “atopy” (from Greek out “of place” or “strange disease”) to describe
the heredity syndrome of asthma and hay fever. In1967 the serum factor mediating classical
allergy, Ig-E, was discovered (Pirquet, 1906 & Johansson, 1967). Historically, all forms of
hypersensitivity were classified as allergies, and all were thought to be caused by an
improper activation of the immune system. (Coombs & Gell , 1963). Today, the definition
of allergy and allergic diseases is an abnormal adaptive immune response against innocuous,
non-infectious external substances called allergens. In recent decades, the scientific
community has discovered several different types of allergic diseases. (Leelavathi &

Adawiyah , 2021).
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The mechanism behind hypersensitivity reactions lie in the immune system. The
immune system is a fascinating and complicated organization of cells and organs that are
designed to protect the body from foreign invading organisms that are potentially harmful

(McKinley, O’Loughlin, & Bidle. 2016).

2.2. The Role of the Immune System in Hypersensitivity

2.2. 1. Types of Antigens and Reactions:

Antigens that trigger allergic reactions are called allergens.These low-molecular-
weight substances can enter the body by being inhaled, eaten, or administered as drugs.
Allergens are a group of heterogenous soluble proteins (Pomés, 2008) with varying
biochemical structure and function. Generally, allergens are proteins with carbohydrate side
chains of low molecular weight, which are highly soluble and mostly stable with the ability
to stimulate T cells, containing peptides for antigen processing and presentation (Murphy, et
al., 2008)

Hypersensitivity reactions can occur in response to different types of antigen
including environmental substances, infectious agents, food, and self-antigens harmful

(Turgeon, 2014).

- Environmental Substances:

Environmental substances in the form of small molecules can trigger several types of
hypersensitivity reactions. Dust can enter the respiratory tract, mimicking parasites, and
stimulate an antibody response. An immediate hypersensitivity reaction associated with Ig-E,
such as rhinitis or asthma, can result. If dust stimulates immunoglobulin G (Ig-G) antibody
production, it can trigger a different type of hypersensitivity reaction, such as farmer’s lung.
If small molecules diffuse into the skin and act as haptens, a delayed hypersensitivity reaction,

such as contact dermatitis, will result.
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Drugs administered orally, by injection, or on the skin can provoke a hypersensitivity
reaction mediated by Ig-E, Ig-G, or T-lymphocytes. Metals (particularly nickel) and
chemicals can also cause type I hypersensitivity reactions. Low-molecular-weight chemicals
usually act as a hapten by binding to body proteins or major histocompatibility complex
(MHC) molecules- HLA molecules. The complex of antigen and MHC molecules is then

recognized by specific T cells, which initiate the reaction. (Turgeon , 2014).

Infectious Agents:

Not all infectious agents are capable of causing hypersensitivity reactions. The
influenza virus can cause hypersensitivity that results in damage to epithelial cells in the
respiratory tract.Sometimes, an exaggerated immune response occurs. Influenza virus, for
example, can trigger high levels of cytokine secretion or what is called a cytokine storm. In
comparison, streptococci can cause a hypersensitivity reaction termed immune complex

disease. (Turgeon , 2014).

- Self Antigens:

Very small immune responses to self antigens is normal and occur in most people.
When these become an exaggerated response, however, or when tolerance to other antigens

breaks down, hypersensitivity reactions can occur.

- Food Allergies:
According to the National Institute of Allergy and Infectious Diseases (NIAID), food
allergy (FA) is an important public health problem that affects adults and children and may
be increasing in prevalence. The prevalence of food allergy in Europe and North America has

been reported to range from 6% to 8% in children up to the age of 3 years.
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A recent U.S. study has estimated that 5% of children under 5 years of age and 4% of
teens and adults have food allergies. Food allergy can cause severe allergic reactions and even

death from food induced anaphylaxis.

Despite the risk, there is no current treatment for FA; the disease can only be managed
by allergen avoidance or treatment of symptoms. The diagnosis of FA may be problematic
because non-allergic food reactions, such as food intolerance, are frequently confused with
FAs. The NIAID guidelines separate diseases defined as FA that include both Ig-E-mediated
reactions to food (food allergies) non—Ig-E-mediated reactions to certain foods (e.g., celiac

disease) and mixed Ig-E and non-Ig-E disorders (Turgeon , 2014).

Hypersensitivity reactions, allergic reactions, occur when the immune system identifies
a particular protein as foreign to self and a potential danger. In food hypersensitivities, this
happens when the immune cells within in the digestive tract identify a specific food protein as

dangerous (Grosvenor and Smolin, 2015).

According to the Gell and Coombs Classification of allergic responses, allergic
responses occur in four major ways, however, hypersensitive (allergic) disorders often involve

more than one type. The brief overview of allergic reactions is summarized in Table2-1.

10
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Table2-1: Immune reaction classification ((Turgeon M. 2014)

Type of Reaction

Parameter | ] ]| v
Reaction Anaphylactic Cytotoxic Immune complex T cell-dependent
Antibody lgE* lgG, possibly other Antigen-antibody Mone
immunoglobulins complexes (lgG, lgM)*
Complement Mo Yes* Yes* Mo
involved

Cells involved

Mast cells, basophils,

Effector cells

Macrophages, mast

Antigen-specific T cells

granules (histamine}* {macrophages, cells
polymaorphonuclear
leukocytes)®
Cytokines involved Yeg* No Yeg* Yes (T cell cytokines)*®

Comparative
description

Antibody mediated,
immediate

Antibody dependent;
complement or cell
mediated

Immune complex
mediated (immune
complex disease)

T cell-mediated, delayed
type

Mechanism of tissue
injury

Allergic and anaphylactic
reactions

Target cell lysis;
cell-mediated
cytotoxicity

Immune complex
deposition,
inflammation

Inflammation, cellular
infiltration

Examples

Anaphylaxis
Hay fever

Asthma
Food allergy

Transfusion reactions

Hemolytic disease of
newborn

Thrombocytopenia

Arthus reaction
Serum sickness

Systemic lupus
erythematosus

Allergy or infection
Contact dermatitis

2.2.2. Types of Hypersensitivity Reactions:

According to Gell and Coombs, hypersensitivity reactions were classified into four

types :type I: immediate (Ig-E-mediated), type II: cytotoxic (antibody and Fc receptor-

mediated, cellular), type III: immune complex-mediated and type 1V: delayed-type (T cell-

mediated). Table2-2, (Coombs, Gell, 1968).

11
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Table2-2: Types of Hypersensitivity (HS) and their Key Characteristics_

(http://dx.doi.org/10.1016/B978-0-12-385245-8.00018-2)

Type Type | HS Type Il HS Type Il HS Type IV HS

Common name(s)  IgE-mediated HS Direct Immune complex-mediated HS ~ Delayed type HS
Immediate HS antibody-mediated Cell-mediated HS
Allergy, atopy gyfotoxic HS

Primary immune  Antibody (IgE) Anfibody Antibody Effector T cells,

system mediator (lgG or IgM) (IgG or lgM) macrophages

Time fo symptoms ~ <1-30 min 5-8hr 46 hr 24-72 hr

Mechanism Allergens cross-fink IgE  1gG or IgM bind fo Immune complexes trigger Effector T cells
bound on mast cells cell-bound antigen; complement acfivation; produce IFNy and
and basophils and cellis destroyed by phagocyte FeR engagement oher cytokines
induce degranulafion  phagocylosis, complement  leads to release of lytic promofing macrophage

adfivafion or ADCC mediators hyperactivation

Examples Asthma, hay fever, Hemolyfic anemias, Arthus reaction, aspects of Lesions of TB and
eczema, hives, food ~ Goodpasture's syndrome  rheumatoid arthritis (RA) and ~ leprosy, poison ivy,
dllergies, anaphylaxis systemic lupus erythematosus [SLE)  farmer's lung

2.2.2.1. Type-I reactions (Immediate or Ig-E-mediated reactions)

Type I reactions or immediate hypersensitivities or anaphylactic reactions are mediated by
Ig-E antibodies. Allergen-specific Ig-E antibodies might be produced in response to allergens present
in the environment (Pawankar , et al., 2014), foods (Zuberbier, ef al. 2014) and drugs (Uzzaman
& Cho SH, et al., 2012). Upon exposure to allergens, they bind to Ig-E antibodies, which are bound
to a high-affinity receptor, called FceRI, on mast cells and blood basophils. This activates the release
of histamine, proteases and chemotactic factors, and synthesis of other mediators, such as
prostaglandins, leukotrienes, platelet-activating factor and cytokines (Uzzaman & Cho SH, et

al.,.2012).

12
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The release of such mediator's results in vasodilation increased capillary
permeability, mucus hypersecretion, smooth muscle spasm, and tissue infiltration with
eosinophils, type 2 helper T (Th2) cells, and other inflammatory cells. On re-exposure, the
allergen is recognized by Ig-E antibodies bound to mast cells and basophils, which leads
to triggering of these cells, and an immediate hypersensitivity reaction with eosinophils,

Th2 cells.

Common symptoms include one or more of the following symptoms; angioedema,
urticaria ,bronchoconstriction, rhinitis, conjunctivitis and anaphylactic shock (Delves .

2019).

2.2. 2. Type-II reactions (antibody-dependent cytotoxic hypersensitivity)

Type-II reactions, 1i.e., antibody -dependent cytotoxic hypersensitivity, usually
caused by IgG and IgM antibodies, takes place when antibodies bind to cell surface antigens,
or a molecule bound to a cell surface. Such an antigen-antibody complex activates
complements and cells such as natural killer (NK) cells ,eosinophils, macrophages,
which participate in antibody-dependent cell -mediated cytotoxicity .This activation results
in damaging cells and tissues. Type-II responses are associated with autoimmune diseases,
adverse reactions to drugs and transplants. Disorders involving type-II reactions are

Hashimoto thyroiditis Coombs-positive hemolytic anemias (Delves, et al., 2019).

2.2. 3. Type-III reactions (Immune complex reactions- Toxic complex disease)

Type-1II reaction is a response to antigen-antibody complexes deposited in vessels or
tissue .Antigen-antibody complexes can activate the complement pathway, which leads to the
release of inflammatory mediators. The activated complement components recruit and activate

neutrophils, resulting in inflammation and tissue injury. Accumulation of

13
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antigen -antibody complexes can be deposited in the tissues, such as renal glomeruli, blood

vessels, synovial of joints causing systemic reactions (Uzzaman & Cho SH, et al., 2012).

Examples of type III disorders are systemic lupus erythematosus, rheumatoid
arthritis, leukocytoclastic ~ vasculitis, cryoglobulinemia, acute hypersensitivity
pneumonitis, and several types of glomerulonephritis. This reaction develops 4-10 days
after exposure to antigen and continuous exposure to the can result in chronic. e.g ,.allergic
asthma, Ig-E-mediated components of allergic bronchopulmonary aspergillosis (Delves, et
al., 2019). The primary target systems are the lungs, eyes, kidney, joints and the skin

(Descotes & Choquet-Kastylevsky, et al., 2001).

2.2.4. Type-1V reactions (delayed hypersensitivity)

Type-1V reactions, also known as delayed hypersensitivity, are mediated by CD4+T
helper cells, i.e., Thl type of response (Uzzaman & Cho SH, et al., 2012). Following the
initial exposure to a specific antigen, T cells can be sensitized and activated by continuous
exposure to the antigen. The tissue injury is mostly caused by lysosomal enzymes, reactive
oxygen intermediates, and proinflammatory cytokines, secreted by activated macrophages.
Disorders involving type-IV reactions include contact dermatitis (e.g, poison ivy), subacute
and chronic hypersensitivity pneumonitis ,allograft rejection, the immune response to

tuberculosis, and many forms of drug hypersensitivity (Delves, et al., 2019).

2.3.The Clinical Manifestation of Allergy

2.3. 1. Signs and Symptoms:

Allergens are protein molecules found in various forms in a variety of substances.
Multiple organ systems are affected by allergens, including the circulatory, cardiac, digestive,

and respiratory systems. Allergens can produce edema, cutaneous reactions,

14
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hypotension, bronchoconstriction, death, and coma depending on the sensitization rate and
severity. The sudden, life-threatening, and extreme hyper-immune response is known as
anaphylaxis and can cause death if not treated. Numerous allergenic compounds, such as
latex, can cause skin rashes and irritations, resulting in angioedema contact and dermatitis.
Allergens vary in nature and source, causing moderate to severe systemic and cutaneous
symptoms depending on the exposure mechanism and route of sensitization. These can be
inhaled, ingested, or exposed through skin contact. Many pollen and dust allergens are

microscopic airborne particles (Lei, & Grammer, 2019).

These are easily inhaled and cause symptoms in organs exposed to the allergen, such
as the nose, lungs, and eyes. Mucosal irritation, a runny nose, and sneezing are the most
common symptoms of allergic rhinitis (hay fever). Swelling, irritation, and redness in the
eyes are all possible side effects. Allergy particles inhaled into the lungs can cause bronchial
hyper responsiveness. Particular airborne allergens can be inhaled in the lungs and induce
asthmatic symptoms. Coughing, bronchoconstriction, and sneezing are caused by the
narrowing of the airways. The increased mucus production restricts airflow to the lungs and
thickens the airways, causing a shortness of breath (bronchial hyperresponsiveness,
wheezing, and dyspnea). Allergic reactions can also be triggered by the ingestion of
medications and food, allergen contact, drug administration, and insect bites (Baldacci, et

al., 2015).

Food and contact allergies symptoms include hives, itchy and swollen skin, edema,
vomiting, gastrointestinal discomfort, and diarrhea. Food allergies rarely result in rhinitis or
respiratory (asthmatic) reactions (Turnbull, ez al., 2015). Insect bites, drugs, medicines, and
insect contact with venom lead to systemic allergic responses affecting several organs

(Table 2 -3) (Pramod, et al., 2021)
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Allergies are seen in almost every organ. Most frequently, however, it is the skin

and the mucous membranes that are involved

and that represent the interface between the

individual organism and its environment, Table 2 -3 (Wahn, et al., 2004).

Table 2 -3: Clinical manifestations of allergic diseases in various organs

Symptoms®

Differential diagnosis

Cardiovascular  Anaphylaxis, vasculitis Other cases of shock, vasovagal reaction, vascular
diseases
Lung Bronchial asthma, allergic bronchi- Bronchitis, chronic obstructive pulmonary dis-
tis, hy persensitivity, pneumonitis ease, irritative toxic asthma, pneumonia
Upper airways  Rhinitis, sinusitis, pharyngitis, Vasomotor rhinitis, infection
laryngeal edema, laryngitis
Eye Conjunctivitis, atopic keratocon- Irritation, infectious conjunctivitis rosacea, psori-
junctivitis, blepharitis, lid edema asis, seborrheic dermatitis, Melkersson-Rosenthal
syndrome
Ear Otitis externa, serous otitis media?  Psoriasis, infection, microcirculatory disturbance
tinnitus? vertigo?
Blood Hemolytic anemia, thrombocytope- Hematologic disease, toxic reactions
nia, agranulocytosis
CNS Fever Infectious diseases
{Cramps) Neurological diseases
( Migraine?)
Skin Urticaria, angioedema Hereditary angioneurotic edema
Vasculitis Non-inflammatory purpura
Contact dermatitis and atopic Other forms of dermatitis
eczema
Drug-induced exanthematous Viral exanthematous eruptions
eruptions
Granulomatous reactions Infectious or foreign body granuloma
Oral/genital Gingivostomatitis, erythema multi- Infection, morbus Behget
mucosa forme, vulvovaginitis (aphthae?)
Gastrointestinal Food allergy with nausea, gastritis, Malabsorption syndromes, infectious gastroenter-
enteritis itis, ulcus pepticum, enzyme deficiency
Musculoskeletal Arthralgia Other forms of arthritis and myositis
Kidney Immune complex nephritis Other kidney diseases

2.3. 2.Classification of Allergic Diseases:

The multitude of symptoms of allergic diseases need a classification. Coombs and Gell
(Coombs & Gell, 1963) were the first to bring some order to the field of clinical immunology and

allergology when in1963 they proposed a classification of pathogenic anaphylaxis.
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The pathophysiological principle is the release of vasoactive mediators after the
bridging of at least two Ig-E molecules on the surface of mast cells and basophil leukocytes

by the allergen, Figure 2-1. This reaction does not need complement activation. Atopic

eczema is characterized by elevated serum Ig-E levels. (Johannes, et al., 2019).
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Figure 2-1: Six categories of hypersensitivity (Roitts. 1. ez al., 2017)

Type-1I:
The not so frequent reactions of type-II (mostly hematologic diseases) develop

through the action of cytotoxic antibodies directed against surface determinants of cells (after
a drug, for instance, has been attached as a hapten to the surface of leukocytes, platelets, or
erythrocytes and leads to allergic agranulocytosis or thrombocytopenia) Figure 2-1.

anaphylaxis. The pathophysiological principle is the release of vasoactive mediators after the
bridging of at least two Ig-E molecules on the surface of mast cells and basophil leukocytes

by the Type-III:
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Circulating immune complexes may activate the complement system as well as
neutrophil granulocytes and platelets, Figure 2-1. Clinically, one can distinguish two types
according to the kinetics: immune complex anaphylaxis as an immediate reaction has been
observed in dextran anaphylaxis and xenogeneic serum therapy. A clinically different entity
is the condition of serum sickness, which gave rise to von Pirquet’s definition of allergy and
accompanies fever, vasculitis, nephritis, arthritis, and urticaria because of deposits of
circulating immune complexes in moderate antigen excess) (Johannes, 2019).

Type-1V.

Reactions mediated through sensitized lymphocytes comprise allergic contact
dermatitis, the chronic phase of atopic eczema and many drug-induced exanthematous
eruptions, Figure 2-1. Some forms of purpura pigmentosa progressiva can perhaps be
mentioned here. The tuberculin reaction as well as organ transplant rejection follows similar
mechanisms. According to modern immunology, predominantly THI cells play a role in
delayed-type hypersensitivity (DTH), whereas TH2 reactions are important in the early phase

of atopic eczema (Johannes , 2019).

Type-V.
The recently suggested type-V category describes granulomatous reactions (such as
after injection of foreign material) (e.g., zirconium or soluble bovine collagen) after 2 — 5
weeks characterized histologically by epithelioid cell granulomas. Figure 2-1
Type -VI:
Pathogenic hypersensitivity reactions occurring through the specific antibody action
have been called “stimulating/neutralizing hypersensitivity” (Roitts , ef al., 2017) and occur
in genetically predisposed individuals, an imbalance in the immune autoimmune diseases

such as thyroiditis (LATS, long-acting thyroid-stimulating factor) or myasthenia
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gravis with antibodies against the acetylcholine receptor in the motoneuron. So-called

“reverse anaphylaxis” after injection of antibodies (e.g., anti-Ig-E or antibodies against the
Ig-E receptor) might also be mentioned here; there is some overlap with type II reactions,
Figure 2-1.

Generally, it should be stressed that every classification is predominantly of a didactic
nature. In the living organism — unlike in a textbook — different types of reactions occur and
influence each other in parallel. In everyday practice, type-I reactions such as allergic rhino-
conjunctivitis, allergic asthma, urticaria, and anaphylaxis as well as type-1V reactions such as
allergic contact dermatitis are the most important manifestations of allergy. Atopic eczema
can be regarded as a mixture between type I and type IV reactions. (Johannes , 2019 & Roitts

etal.,2017).

2.4. Mechanism of Allergy and Immune System

There are two branches of the immune system, the innate (natural) and the acquired
(adaptive) which are dependent of each other. The acquired immune defense cannot function
without the innate immune defense and the latter system is more effective operating in

conjunction with the acquired immune system (Turgeon, 2014).

The role of the immune system is to protect the body against invading pathogens
causing different diseases. When the immune system misidentifies a harmless foreign antigen
as a pathogen, an allergic reaction occurs (Calzada, et al., 2018). To protect the organism
against exaggerated stimulation signals from harmless antigens, such as environmental and
self-antigens, the immune system must be closely monitored. In system’s regulatory
mechanisms may lead to allergic diseases or autoimmune disorders, depending on the nature

of the antigen (Akdis, & Akdis., 2014).
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During an allergic reaction, the immune system must detect pathogenic stimuli and
generate a robust immune response. Specific antigen sensitization is required: naive T and B
cells identify specific sections of antigens, which are termed epitopes. First, specific MHC
(major histocompatibility complex) class II antigens synthesized on the antigen-presenting
cells (APC) surface detect allergens and deliver them to naive T lymphocytes. T cell
activation causes T helper type 2 (TH2) cells to proliferate and differentiate. Interleukin IL-
5, IL-4, and IL-13 and innate (ILC-2) lymphoid cells that can maintain and enhance local
TH2 inflammation caused by the secretion of TH2 cytokines (IL-13 and IL-5) are the primary
cytokines responsible for the allergic response (Shamji, & Durham, 2017).

These ILs act on B cells, causing them to switch to the Ig class E (Ig-E). Allergen-
specific Ig-E antibodies bind to high-affinity Ig-E receptors (FcRI) on basophils and mast
cells. Repeated exposure to the allergen causes FcRI-bound Ig-E to crosslink, boosting the
release of other mediators and histamine that generate allergic disease symptoms. Allergen-
specific cells are enlarged and reactivated locally after 6-12 h of allergen exposure,
culminating in the late phase of an allergic reaction. Effector cells (basophils, mast cells, and
eosinophils in particular) release cytokines and inflammatory mediators, prolonging the
proinflammatory response, figure2.2. The symptoms of allergic disorders are caused by this
phase, and persistent allergen exposure causes the disease to become chronic (Larché, et al.,
2006).

Specific antigen sensitization is required for allergic diseases development.
Inflammatory cytokines (IL-13, IL-4, and IL-5) are produced as a result of cell expansion and
differentiation to TH2 cell subtypes. They regulate the activation and recruitment of pro-
inflammatory cells (mast cells and eosinophils) in mucosal target organs, as well as the class

switching of Ig-E in B cells. Allergy symptoms and inflammation are triggered by
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these activations (Calzada, D. et al., 2018).
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Figure 2-2: Allergic reaction mechanisms (Aldakheel F., 2021).

2.5. Allergy Diagnosis:

For accurate diagnosis of allergies, the factors, such as detailed clinical history, and
knowledge about local environment, are crucial. Additionally, the association between
allergen exposure and onset of clinical features, periodicity of symptoms (i.e., seasonal/
perennial ,diurnal), animal or insect exposure, the affected body systems, familial atopy and
occupational history should be investigated. The diagnosis of allergy comprises four steps,
which supplement each other: History, Skin tests, In vitro allergy tests & Provocation tests

(Johannes , 2019).
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2.5.1. History:
The taking of an allergy history requires great experience .Often several visits are
necessary (e.g., a young man with nickel allergy and eczema on the left thumb: the elicitor
was his bicycle bell). A good allergist has to be like Sherlock Holmes — nothing is unimportant

(Table 2.5 & 2.5) (Johannes, 2019).

Table 2.5. History parameters for and against the appearance of allergy

Parameter
Allergy probable Allergy unlikely
Onset Youth Elderly age
Family history Positive Negative
Specific elicitors Detectable Unknown
Fever No Yes
Improvement after Yes No
change of milieu
Symptoms Objective, reproducible  Only subjective, not repro-
ducible

Table 2.6. Relevant questions for allergy history

Elicitors and situations

* Season of the year
* (nset (first occurrence, acute complaints) # Local conditions (indoor, outdoor)
s Duration = Occupation
el o * Holiday, leisure
# Timely course {circadian, yearly thythm) . I[;Iubby
[ [l L TLL
* Intensity (severity) =
* Frequency of relapses . Extrci&t -
- tress, emotio bmdtn
* Response to therapy e Infectious disease
# Deterioration through therapy * UV radiation
' NtEtEEit}'dhﬂEPit-ﬂl Hmistion * Hormonal situation (menstruation, pregnancy)
Other discases * Animal contact (also passive, “derivative™)
' # Tobacoo smoke (active, passive)
¢ Personal ].'LlEtﬂ-I]-' [aWP’.r'] * Housedust mite, mold exposure
* Family history (atopy) : %fmiﬂ]ﬁ
’ l[}thJFr cmd.:ltium (gastroesophageal rl.:ﬂux. kil o Cetics
or airway diseases, drug or food reactions) = Sleeping dyspnea, snoring, mouth breathing
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2.5. 2.SKkin Tests:

Skin tests include epidermal (patch test, friction test) and percutaneous (prick, scratch,

intradermal) test procedures (Johannes , 2019).
2.5. 2.1 Patch Test

Since the first description of a patch test by J.Jadassohn (Jadassohn .1895), the patch
test has been used for the diagnosis of type IV reactions, mostly allergic contact dermatitis
or exanthematous drug eruptions. It will be described in detail in Sect. 5.5 on “Eczema.” But
also for immediate-type reactions such as contact urticaria, the so-called open patch test has
gained importance, which is read after 20 min (Bandmann & Fregert , 1982) The “atopy
patch test” (APT) with Ig-E-inducing allergens allows the evaluation of the relevance of a
sensitization (by the prick or RAST methods) for atopic eczema (Darsow , et al. 1995).

-Indications for the patch test: (Leelavathi, ef al., 2021)
1) Suspected contact or occupational dermatitis where the lesion is isolated in the area of
contact.
2) Worsening of existing atopic dermatitis despite adequate treatment.
3) Recurrent dermatitis affecting the lips, face, hands, feet and perineum (areas that are
frequently exposed to contact allergens).
4) Stasis eczema, discoid eczema and chronic recurrent eczema for which a definite cause

cannot be established.

-Precautions and contraindications for the patch test: (Lazzarini, et al. 2013).
Pre-test counselling is important because patients must refrain from bathing and
exercise during the test period. Sweating and wetting of the patch causes it to dislodge ,leading

to test failure. Refraining from bath or ablution may not be
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1)

2)

3)

4)

5)

6)

7

acceptable in certain cultures ;hence, informed consent must be obtained. Patients should
be counselled regarding side effects such as erythema, pruritus, or hyper- or
hypopigmentation at the test site. Occasionally, blisters may appear, and eczema may
flare. Any skin discoloration that may occur at the test site will resolve with time.

The test should be planned about 6 months from the time of suspected contact to avoid a
flare of the existing dermatitis, especially if it is poorly controlled.

Patients who are on treatment with a high daily oral steroid (> 10 mg ,(steroid injections,
cyclosporin (> 2 mg/kg) or phototherapy, or those who have recent excessive sun exposure
(within 1 week) should defer the patch test because it may affect test results. Those on
low doses of oral steroids (< 10 mg (and antihistamines may proceed with patch testing
because neither substance is known to affect the test.

Topical steroid application must be avoided at the test site both 1 week before and during
the test.

The patch test should be deferred in pregnant women because immunological changes of
pregnancy may affect patch results.

A positive reaction may spread from a test site, causing a false positive result at adjacent
sites. Hence, results need to be interpreted with caution.

An irritant reaction to an allergen may cause a false positive result.

2.5. 2. 2 Friction Test

In highly sensitized individuals, the friction test can be recommended (e.g., with

animal hair or drugs) (Fuchs , et al. 1981). In the friction test, the native allergen is rubbed

ten times over the skin of the volar forearm (controls with pads). After tape stripping (friction

test with strip-ping), the reaction can be enhanced. (Gronemeyer & Debelic . 1967).
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2.5. 2.3 Prick Test

A drop of the allergen extract is applied to the skin, which then is briefly pricked using
a lancet or a needle (there should be no bleeding!). After 15 min the test solution is wiped off
and the reaction is read. New standardized needles allow a defined depth of penetration
(Dreborg & Frew, 1993).

Skin prick test —SPT- is first described by Charles Harrison Blackley (1860s) in
patients of ‘hay fever .’SPT, which is the most frequent method for diagnosis of Ig-E
mediated allergic diseases (D’Amato, et al., 2002) should be administrated to patients with
either recurrent or persistent symptoms which cannot be adequately controlled by therapy.
Generally, clinical conditions where SPT is indicated are asthma, rhinitis, eczema/atopic
dermatitis, suspected occupational exposure to selected potential allergens.

In this test, once the allergens are introduced into the skin, dermal mast cells begin
to degranulate due to cross-linking of slg-E bound to their membrane receptors, leading to
the immediate release of histamine which can be clinically characterized by wheal erythema
(flare) that can be measured to assess the degree of cutaneous sensitivity, hence, SPT
represents a surrogate indicator of systemic allergic sensitization ( i.e., nose, lungs, eyes, gut)
through the presence of cutaneous reactivity to specific allergens.

Since blood vessels and pain receptors are located in deep dermis, SPT is pain -free
and associated with minimal risk of bleeding or infection if performed appropriately (Nitta.
2003)

Selection of antigens should be based upon patient’s clinical and environmental
history, occupation and socio - economic factors. Among the most common allergen to be
used in SPT, include house dust, house dust mite, relevant pollens (grass, tree or weeds),
fungus (Alternaria ,Aspergillus), insects (Cockroach) and pet animals (dog ,cat, buffalo),
milk, egg,
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peanut, soya, wheat, tree nut, fish and shellfish. Patients on anti-histaminic and
immunomodulators, on b -blockers, with unhealthy skin condition, within 4 weeks of
anaphylaxis and extremes of age are not suitable for SPT. As positive and negative control,
histamine and normal saline ae used, respectively and re ad after 10 minutes and 15 minutes

(Hasunuma, et al., 2014).

Positive reaction is suggested by appearance of a wheal at the prick site (Fig. 2. 3).
The maximum diameter of the wheal is measured, and reaction interpreted in millimeters
(mm) of wheal diameter (Wenzel., 2012). Positive control should be at least 3 mm or more
than negative control to establish test validity. Any allergen showing a wheal size of >3 mm
than the negative control is considered to be positive indicator of hypersensitivity.

(Valavanidis, et al., 2006).

Figure 2.3. An example of skin prick test (SPT) (https://www.aashwas.in/diagnostic -
services/skin-prick-test -spt/)
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Factors Influencing on SPT result

)

2)

3)

4)

)

6)

Medications — Certain medications such as antihistaminic, Astemizole and long-term
systemic steroids may affect the results of SPT (Hasunuma, et al., 2014).

Age — SPT is currently practiced beyond 6 months of age though no lower or upper age
limit cut -off is recommended (Hasunuma , et al., 2014).Skin reactivity declines after
60 years

Test area — Generally, left forearm is the preferred area for this test. The mid and
upper back are 33% more reactive than the lower back. The back as a whole is more
reactive (53% (than the forearm. An area approximately 5 cm away from the wrist and
3 cm from the antecubital fossa, on the forearm is usually used (Hasunuma, et al.,
2014).

Distance between two pricks — A minimum of 2 cm gap should be present between
two adjacent test sites .(Figure 1.2. An example of skin prick test SPT)
(https://www.aashwas.in/diagnostic -services/skin-prick-test -spt.)

False positives — Skin conditions such as dermatographism and acute or chronic
urticaria ,naturally occurring histamine in some allergen extracts (insect venom, mold,
foods), non -standard allergen preparations, cross -reactivity with homologous proteins.
False negatives — Recent use of (within 4 weeks) anaphylaxis, some medications, and

UV exposure.

- Indications for the prick test: https://bpac.org.nz/BT/2011/December/allergy testing.aspx

Suspected food allergy (e.g. to egg ,peanut, wheat, fish, soy or cow’s milk) that cannot be
determined from food elimination or challenge.

Poorly controlled or frequent exacerbation of allergic rhinitis ,rhinosinusitis, eczema or
bronchial asthma, where identifying and avoiding allergens (animal dander ,pollen,

cockroaches and house dust mites) may improve the condition.
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= Suspected or previous allergy to a drug such as penicillin (only when there are limited

alternative drugs ,which can be used for treatment).

- Precautions and contraindications for the prick test:

https://bpac.org.nz/BT/2011/December/allergy testing.aspx

o Patients on treatment with oral antihistamine and antidepressants need to defer treatment
before the test (3 days for Ist-generation and 10 days for 2nd-generation antihistamines) to
avoid wheal dampening.

o Application of topical steroids at the test site should be stopped 2 to 3 weeks prior to testing
because it may dampen the results. However ,oral or inhaled steroids may be continued
because use of these substances does not affect the results.

o The prick test is contra-indicated in patients who experienced anaphylaxis 4 to 6 weeks prior
to the test.

o The prick test in the elderly may not be accurate because skin reactivity declines with age.
Serum Ig-E testing may be considered instead.

o Itis best to defer the prick test for children below 2 years of age and pregnant women.

o There is a small chance of anaphylaxis during the test. Hence ,testing should be performed

where health professionals and emergency resuscitation facilities are available.

2.5. 2.4. Scratch Test

Here the skin is superficially scratched under allergenic material (in the case of powder
together with some drops of physiological saline). The scratches are approximately 5 mm, and

there should be no bleeding (Johannes , 2019).
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2.5. 2.5.Intradermal Test

In this test, 0.02 — 0.05 ml of the allergen solution; commonly 1/100 of the prick test
solution’s concentration (though this does not hold for individual allergens!) — is injected strictly
intra-dermally using a small syringe and needle. A small wheal (approx. 3 mm) will be observed.
The interpretation of intradermal test reactions is difficult. Especially for mold, food, and drugs,
false-positive reactions are common. Granulomatous reactions (type V) need up to 3 weeks to
develop fully. While the Kveim (sarcoidosis) and Mitsuda tests (tuberculoid lepra) have a
historical significance, this type of reaction is important prior to treatment with soluble bovine
collagen (Burg, et al., 1986).

In all the above-mentioned skin test procedures, adequate controls (positive with
histamine or codeine, negative with saline or sol-vent) need to be performed. The quantitative
interpretation of skin test results uses a comparison with the histamine-induced wheal and flare
reaction (Johannes, et al., 2019).

Complications can occur even in skin testing, either as hyperergic local reactions or as
systemic reactions such as anaphylaxis or exacerbation of the underlying disease (asthma,
eczema). Therefore, allergy tests should only be performed by experienced physicians trained for
possible emergencies. Special caution has to be taken in patients with a history of anaphylaxis;
we perform skin tests only under inpatient conditions when there is a history of grade III or IV
anaphylaxis. Patients using beta-blockers — possibly also angiotensin-converting enzyme

inhibitors — show an increased risk of anaphylaxis (Johannes, et al., 2019).
2.5. 2.3.Reading of Skin Tests

The test reaction of percutaneous tests is evaluated using the diameter of the wheal and
flare either according to an arbitrary scale from 0 to ++++ (Kemp & Lockey, 1999) or in

millimeters. For quantification of skin test results, the titration with different concentrations
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has given better results than the measurement of wheal and flare areas (Table 2.7). Flares
under 3 mm in diameter as well as all reactions not significantly exceeding the negative control
(saline) are negative. Wheals without flare under 3 mm diameter as well as flares without wheals
under 5 mm are questionably positive and are not considered in allergy passports or for forensic

questions. A repeat test at a later date can be considered.

In evaluation of immediate-type reactions ,an additional reading after 6 and 24 h can give
information on so-called “late cutaneous reactions” (Dorsch & Ring, 1981) (not to be confused
with delayed-type reactions after 48 or 72 h = type IV), which are Ig-E mediated and occur after
very intense immediate-type reactions, which sometimes show a biphasic course (“dual
reaction,(’reaching a maximum after 6 — 8 h. Arthus-type reactions (type III) caused by

circulating immune complexes reach a maximum after 12 — 36 h.

Problems in test reading occur through false positive or false negative test reactions, e.g.,
through the use of irritating preparations, in patients with urticaria factitia (false positive) or when
antigens are diluted too much, under the influence of drugs, in certain neuro-logic diseases or

within too short an interval from an anaphylactic reaction (false negative) (Table 2.7).

At the time of allergy testing, there should be allergen avoidance if possible. During the
pollen season or intense contact with pets, skin tests can induce an exacerbation of symptoms.
Skin reactions are subject to fluctuations in intensity according to age, sex, body surface area,
season, and allergen exposure. This, however, does not play a major role in allergy practice if the

test is otherwise well standardized.
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Table 2.7. Reasons for false-negative and false-positive skin test reactions (Johannes, 2019).

False-negative reactions

Extract (too diluted, too weak, not soluble,
wrong vehicle)

Test procedure (depth of puncture, reading
time)

Test area (premedication, neuropathy)
Systemic medication (antihistamines, etc.)
Underlying disease (e.g., nervous disease)

False-positive reactions

Extract (irritative, direct histamine release)
Test procedure (irritative, no controls)

Test area (inflamed skin, “angry back” patch
test)

Underlying disease (e.g., urticaria factitia)
Artificial reaction (Munchhausen syndrome)

2.5.3 In vitro Allergy Tests

In vitro allergy diagnosis has an independent and equal place besides the three other

pillars of allergy diagnosis (Ring, 1981). In in vitro allergy investigations, there are separate

tests for serologic and cellular diagnosis as well as for allergen-specific and non-specific

parameters (markers of allergy or inflammation) (Table 2.8).
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Table 2.8. In vitro allergy tests (LTT = lymphocyte transformation test) (Johannes , 2019).

Non-allergen-specific (general markers of allergy and inflammation)
Serologic Cellular

Total IgE Blood count

Total Ig + subclasses Lymphocyte subpopulations
Complement factors Lymphocyte stimulation test

(LTT) (mitogens)
Complement activity (CH50)
Immune complexes
Mediators in blood, tissue, and urine (hista-
mine, methylhistamine, ECP, EPX, tryptase)

Allergen-specific

Serologic Cellular

Specific IgE (e.g., RAST) Histamine release

¢ Qualitatively (allergen mixtures, strip tests) Basophil degranulation

¢ Semiquantitatively (e.g., RAST) Basophil activation (CD63)
Sulfido-leukotriene release
(CAST)
LTT (allergen)

Specific antibodies of other classes (type III)

¢ Precipitation/immunodiffusion

¢ Passive hemagglutination

¢ RIA/EIA

® Antibodies against specific proteins (immu-
noblot)

2.5.3.1. In vitro diagnosis tests (Immunoglobulin (Ig) E antibody levels)

In many routine allergy diagnostics, Ig-E level are used to detect and monitor the
reaction of the immune system to the allergen (Kos and Sanders, 2018). Ig-E molecules
produced against specific antigens are labelled as serum specific Ig-E (sIg-E) (Ansotegui , et
al., 2020). These can be detected by enzyme conjugated antihuman Ig-E antibodies.
However, raised levels of Ig-E may also be due to conditions such as parasitic
infestations, immunodeficiency disorders (e.g., AIDS, hyper Ig-E syndromes etc.) and
Ebstein Barr virus (EBV) infection (Alvarez-Alvarez, et al., 2018). The major downside of

slg-E estimation
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is false positivity with high total Ig-E levels (>300 kIU/L) due to non-specific

binding to test allergens (Endara, et al., 2015).

-Indications for serum Ig E testing: (Leelavathi, ef al., 2021)

e The skin prick test is not available or the suspected allergen is not available in skin prick test
series.

e The patient has extensive dermatitis or dermographism that may cause a false positive with
the skin prick test.

e The patient is unable to discontinue oral antihistamines.

e There is a history suggestive of an allergy, but skin prick testing is negative.

e There is a history of anaphylaxis to any allergen.

The advantages of the skin prick test compared to serologic testing are the lower cost and
the shorter time to obtain results, while the disadvantages include the facts that fewer allergens
can be tested, cooperation from young children is difficult, several essential drugs must be

withheld and the procedure has a small risk of anaphylaxis. (Leelavathi, et al., 2021)

2.5.3.2. Comparison of in vitro test with in vivo test

The main advantages of in vitro tests over in vivo test include no effect of anti-histaminic
or steroids, feasibility with any skin condition and no risk of systemic reactions. Furthermore ,
serum slg-E has better specificity with higher positive predictive value to identify allergens e.g.,
pollen and insects) sensitization (Franck, et al., 2011).,0n the other hand, SPT have an advantage
over in vitro tests in terms of faster result (15 -20 minutes), no interference with high IgE levels

and cost effectiveness (Hasunuma, ef al., 2014).
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2.5.4 Provocation Tests:

Strictly speaking, skin tests are also “provocation tests,” namely provocation of the skin
as the manifesting organ. In modern terminology, however, provocation test means the exposure
of an organ involved with the respective allergen. The most important provocation tests in
practice are (Przybilla, et al., 2000):
= Conjunctival
* Nasal
* Bronchial
* Oral

= Parenteral (e.g., subcutaneous with local anesthetics) provocation.

Any provocation test should be performed un-der controlled and emergency conditions.

Provocation tests involve a certain degree of risk for the patient! Naturally, occurring
allergic reactions are imitated under control. Therefore, provocation tests should only be
performed when indicated, in remission, and when other diagnostic parameters (history, skin test,
in vitro test) have not given a clear-cut diagnosis. In allergic bronchial asthma, the performance
of bronchial provocation tests with acetylcholine or histamine belongs to the obligatory
evaluation of lung function. Allergen provocation tests can only be done as confirmation tests; no

large “test series” are possible (Schultze-Werninghaus, et al., 2000).

The critical evaluation of history, skin test, and in vitro tests can often save the patient
from having to undergo a provocation test (Fig. 2-4). Out of all the diagnostic procedures used,
skin tests represent the most practical method. Compared to RAST, skin test reactions stay
positive over a longer period after allergen contact. In an overview of all the procedures, the

predominant place of history is evident (Fig. 2-5).
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History

Provocation

Skin test

Figure 2-4: Importance of the various methods used for allergy diagnostics (Johannes , 2019)

Consultation with an Allergist ‘
(in depth interview + physical examination)

{ Provisional identification of possible guilty allergen (s) ]

{

Qte&t (“prick test)

N\

Sensitization . Blood test
confirmed | €— (Specific IgE assays)

b

Figure 2-5-: Schematic diagram showing the identification and assessment of atopic status

using clinical history, physical examination and laboratory tests

(http://creativecommons.org/licenses/by/3.0)
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2.6. Allergy Prevention and Therapy

The most efficient causal method of allergy treatment is the avoidance of the eliciting
allergen. Allergen avoidance comprises not only the avoidance of pets, sanitizing measures
in the apartment, anti-house dust mite strategies, but also the elimination of unspecific
irritants, as well as dietetic regimens in food allergy; finally, changes in occupation as well as
rehabilitation treatments in an allergen-poor climate (North Sea, high altitude as in Davos,

Switzerland) have to be considered.

The next causal therapeutic option is allergen-specific immunotherapy
(hyposensitization), where it is possible to change the abnormal pathologic immune reaction

into normal immunity.

The final aim of any treatment is that the patient will be free of symptoms. The single
steps in the general concept of allergy treatment do not exclude each other, Also during
allergen-specific immunotherapy, symptomatic treatment has to be given. Table 2.9 shows
the most important steps of a treatment strategy ranging from allergen avoidance to

psychosomatic counseling or psychotherapy.
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Table 2.9. General concept of allergy treatment (Johannes, 2019).

Level of action Procedure

Allergen exposure Avoidance (e.g., apartment, mite protection, rehabili-
tation in occupational allergy, climatic therapy, diet)

Pathogenic immune Allergen-specific immunotherapy (hyposensitiza-

reaction tion), immunosuppression, immunomodulation

Inhibition of mediator Mast cell stabilizers

release

Inhibition of Glucocorticosteroids

inflammation

Receptor antagonists

Histamine Antihistamines (sedating, non-sedating)
Leukotrienes Leukotriene antagonists, lipoxygenase inhibitors
Specific therapy at Bronchodilation, secretolysis, physical therapy, skin
organ level care, restoration of disturbed barrier
Psyche Antidepressives, psychotherapy, psychosomatic
counseling

The treatment of allergic diseases in children follows a similar pattern to that of adults.
Treatment options include allergen avoidance through environmental control,

pharmacotherapy, and immunotherapy (Aldakheel, et al., 2021).

2.6.1. Allergen Avoidance:

The primary focus of allergy treatment should always be the strict avoidance of
specific allergens that cause allergic disease. The greatest and best guideline for reducing
allergy reactions in sensitive people is to avoid allergen exposure. Food allergies and some
stinging insect allergies are treated primarily through avoidance, which can be quite helpful
if patients are well trained about preventive measures. However, it is impossible to avoid
certain allergens that travel through the air and are easily inhaled without control or notice.
Avoidance is impossible in these circumstances, and additional therapeutic procedures are

necessary to overcome difficulties (Pramod, 2021 & Douglass, et al., 2006).
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2.6.2. Pharmacotherapy:

Pharmacotherapy can relieve allergen-induced symptoms when allergen prevention
and tracking are impossible and allergy exposure is inevitable. Many drugs are developed that
are antagonistic to and block the actions of allergic mediators. Anti-leukotrienes and
antihistamines are two common drug targets that prevent the onset of allergic symptoms and
inhibit the action of inflammatory mediators (Bonyadi, ef al., 2017). The FDA has approved
adrenaline (epinephrine), antihistamines, glucocorticosteroids, and theophylline, which
primarily act as anti-inflammatory molecules. Decongestants, mast cell stabilizers, and
eosinophil chemotoxins, along with anti-leukotrienes, such as zafirlukast (Accolate) or
montelukast (Singulair), are commonly used as drugs to monitor and prevent chronic and
acute allergic diseases. (Pullerits, ef al., 2002)

2.6.3. Immunotherapy:

Allergen-specific immunotherapy entails administering an increasing dose of
allergens to a patient over time to ensure immunological and clinical tolerance. Allergen
injection immunotherapy induces T cell tolerance through a variety of methods, including
alteration in secreted cytokines, decreased allergen-induced proliferation, stimulation of
apoptosis, and T regulatory cells production. This results in the reduction of inflammatory
mediators and cells in the affected tissues, production of blocking antibodies, and suppression
of Ig-E (Gardner, et al., 2004).

This sort of immune therapy has been demonstrated to be effective in studies, and
long-term use has indicated that immunotherapy can help to avoid the development of atopy.
The intravenous administration of monoclonal anti-Ig-E antibodies is the second type of
immunotherapy. These attach to both B-cell-associated and free Ig-E, signaling and killing

them (Wong & Lomas, et al., 2019).
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Sublingual immunotherapy is a third type of therapy that is given orally and is based
on oral immune tolerance to non-pathogens, such as resident bacteria and foods. Allergy shot
therapy may become the most effective allergy treatment method in the future. Close
supervision and a long-term commitment are required in this therapy for successful individual

treatment (Scurlock, ez al., 2018).

2.6.4. Ineffective and Unproven Treatments:

An enzyme potentiated desensitization (EPD) experimental treatment has been tested
in some recent investigations, but no encouraging outcomes have been found. The same
method is currently used in many hypoallergenic food preparations. The treatment approach,
however, was not convincing, and was not acknowledged as effective. EPD uses allergen
dilutions with beta-glucuronidase enzymes to polarize T-regulatory lymphocytes and to
change the allergen nature, which down-regulates Ig-E induction, favors desensitization, and

prevents allergic reactions (Astarita, ef al., 1996).

Allergy research has progressed quickly in recent years (Bochner, et al., 2013).
Recent advances in proteomics, analytical methods, and genomics have resulted in massive
amounts of allergen-related data. Allergen bioinformatics deals with tools/algorithms for
allergenicity/allergen prediction, allergenic cross-reactivity prediction, allergen

databases, and allergen epitope prediction (Ghosh & Gupta-Bhattacharya, et al., 2011).
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2.7. Epidemiology of allergic diseases

In the recent years, allergic diseases are showed to be a primary cause of morbidity in
children and adults under the age of 40, and their prevalence has been on a steady rise
globally ,and in low - and middle -income countries ( LMICs ) in particular as they are
moving more and more towards urbanization (Strézek, et al., 2019) . Furthermore, their
severity appears to be increasing, especially in children and young adults, who are bearing the
highest burden of these trends (Blaiss, et al., 2013). It has been estimated that asthma and
allergic dis eases affect 30% of the global population (Strézek, et al., 2019). Worldwide ,200
to 250 million people suffer from food allergies, and 400 million suffer from rhinitis (Blaiss,

et al., 2013).

Allergic diseases include life-threatening anaphylaxis; asthma; rhinitis; drug, food,
and insect allergies; eczema; and urticaria (hives); angioedema; and eosinophilic esophagitis .
These diseases can cause long -term immune dysfunction and inflammation, which can form
an underlying susceptibility for many other non -communicable diseases (NCDs), such as
diabetes ,obesity and cardiovascular diseases, Table 2.10, (Pawankar, et al., 2014). In
addition to the health complications, such diseases can result in high socio -economic burden
to the affected families and countries due to health care costs, morbidity, reduced quality of
life and poorer work performance. Every year, asthma and allergic rhinitis alone are estimated
to result in a loss of 100 million workdays and missed school days only in the European Union
(EU). When these diseases are not treated adequately ,their economic burden is estimated to

be between 55 billion and 151 billion euros annually in the EU (Zuberbier, et al., 2014).

In LMICs, the economic burden of such diseases has even more profound effect on the daily

lives of individuals, resulting in poverty due to loss of workdays and wages.
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For instance, in India, it has been reported that the monthly cost of medication for an
asthmatic child can be as much as one-third of an average family’s monthly income

(Pawankar, et al., 2014).

In LMICs, the environmental risk factors, such as outdoor and indoor pollution
(e.g .cooking and tobacco smoke), are believed to contribute the most to the rise of prevalence
of this category of diseases. Indoor pollution is estimated to be as much as five times more
severe in LMICs than in high-income countries (WHO, 2007). Furthermore, similar to high-
income countries ,other environmental risk factors such as climate change, reduced
biodiversity and changes in the weather patterns can have direct and indirect consequences
on the population health in LMICs, in part by contributing to allergic disease (Pawankar, et

al., 2014).

Despite the growing burden of allergic diseases, in high-income and low - and
middle -income countries, the efforts targeting allergic diseases remain fragmented. Allergic
diseases have not been given the same level of public and governmental attention as other
chronic diseases, such as cancer and cardiovascular diseases. This is surprising given the
burden of allergic diseases even from childhood and onwards. This highlights the need for
more epidemiological studies to assess the actual prevalent of these diseases, worldwide, in

particular in LMICs, (Nathan, et al., 20 08).
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Table 2. 10. Allergic types and epidemiology (Ebert & Pillsbury. 2011 & Aldakheel. 2021).

Type of Allergy

Symptoms

Prevalence

Affected Organ

Causes

Allergic rhinatisis

Sneezing, itchy, watery,
and red eyes, stuffy or
runny nose, swelling
around the eyes.

Affects 10-30% of
the population
worldwide

Nose

Genetic and
environmental
factors

Wheezing, coughing,

Affects 3 to 9% of

Genetic and

Asthma shortness of breath, and the population Airways of lungs environmental
chest tightness worldwide factors
Itchiness, vomiting, Skin. respirato
swelling of the tongue, Affects 8% of the » 1esp ¥
. ) . . system, Immune response
Food allergy hives, diarrhea, low population .y .
/ . gastrointestinal to food
blood pressure, trouble worldwide
. tract
breathing
Rash, itching, swelling, . Latex, food, Lj' FUBS,
. Worldwide, water, sunlight,
. redness, cracked skin, . . i .
Skin allergy . . i lifetime prevalence Skin nickel, chemicals,
- flaking or scaling of skin, ) ;
. of above 20% soap, poison oak
raised bumps . .
or poison ivy
Itang' ra._ah, fe‘._ret; Affects 10% of the  Nose, lungs, throat, .
facial swelling, hives, . L. Reactions to
Drug allergy population ear, lining of the A
shortness of breath, . . medications
. worldwide stomach, and skin
cardiac symptoms
Many allergic
Itching, pain, and severe cases have
swelling and appearance  been documented
of redness at the with insect bites Skin, eyes, throat, . .
Insectallergy - ) . - Insects bite or sting
b sting /bite or worldwide; tongue
surrounding affected however, there has
areas been no systemic
report.
Itchy rash, nu u_lbnesﬁ, Affects 0.05-2% of Skin, nose, throat, ‘ _
. throat swelling, } lungs, Foods, insects
Anaphylaxis . the population . . . A
lightheadedness, . gastrointestinal bites, medications
worldwide
shortness of breath tract
2.7.1. Risk factors

Allergy risk factors are divided into two categories: host and environmental. Host
Factors includes: Race, sex, heredity, and age are the host characteristics that influence the
allergy risk ,with heredity being the most important. Host factors are not currently modifiable.
Environmental Factors includes Smoking, Pollution, Dietary Habits and Infections.
(Aldakheel, et al., 2021). Allergic diseases are multifactorial and appear to be caused by a

combination of genetic and environmental factors. Heritability of allergic disease is estimated

to around 60-80% ,and a number of specific gene variants have been
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found to increase the risk of disease (Ullemar, et al., 2016).

One such example is the filaggrin gene, in which loss-of-function mutations have been
associated with skin barrier dysfunction and increased the risk of eczema. (Palmer, ef al.,
2006). Parental allergy is a strong risk factor for allergic disease. However, the associations
have been reported to be somewhat more pronounced for maternal, compared to paternal

allergy, indicating that non-genetic factors such as in-utero programming are also important

(Lim, et al., 2010).

Second hand tobacco smoke exposure is one of the most established environmental
risk factors for asthma, and may also increase the risk for other allergic diseases. (Thacher,
et al., 2014). Both maternal smoking during pregnancy and second hand smoke exposure
during childhood have been associated with wheeze and asthma in children. (Neuman, et al.,
2012). Air pollution and indoor mold and dampness are other environmental risk factors that

have been linked to asthma and allergic disease in children (Thacher, et al., 2017).

The prevalence of allergic disease, including asthma, rhinitis and allergic sensitization
are lower among children raised on a farm and in rural, compared to urban areas (Illi, et al.,
2012). In addition, large family size and early day-care attendance have been shown to reduce
the risk of asthma and allergic sensitization, although the risk of transient wheeze in early life

may be increased (Rothers, ef al., 2007).

These observations have been proposed to be explained by the hygiene hypothesis,
which suggests that a diverse exposure to bacteria and parasites in infancy is important for
immune function development (Liu, 2015). In contrast, some viral infections in infancy such
as the respiratory syncytial virus and rhinovirus have been shown to increase the risk of

asthma.
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However, it is unknown whether these associations are causal or explained by

increased susceptibility in these children (Feldman, ef al., 2015).

Factors in early childhood may also contribute to the risk of allergic disease.
Breastfeeding has been shown to reduce the risk of asthma symptoms in early childhood, but

the protective effect seems to diminish over time (Dogaru, ef al., 2014).

Maternal factors during pregnancy such as obesity, diet ,certain medication and stress

have also been suggested to contribute to the risk of asthma (Castro-Rodriguez, et al., 2016).

Since allergic disease continues to develop throughout childhood, lifestyle and
environmental factors beyond infancy or early childhood may also influence the risk of
disease. Furthermore, certain dietary factors such as intake of oily fish and antioxidants have

been shown to reduce the risk of asthma and rhinitis up to adolescence (Gref, ef al., 2017).
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3. Subjects and Methods

3.1 Study design

The study was conducted as retrospective study in records from patients who presented

for treatment at Elaj Medical Center, during January to December 2023. (appendix1).

3.1.1 Study area

The present study was conducted at Elaj Medical Center, Sana’a City

3.1.2 Sample size

The sample size was statistically calculated for as study by the Epi Info statistical
program version 20 (CDC, Atlanta, USA). confidence levels 99%, and the samples size
comes to be 82 and will be select by using sample random sampling method (SPSS) Where

(www.dorakmt.tripod.com).

3.1.3 Inclusion criteria

Patients treated at Elaj Medical Center, Sana’a City, Yemen.

3.1.4 Exclusion criteria

Patients who didn't admitted at Elaj Medical Center, Sana’a City, Yemen.

3.1.5 Data collection

Clinical Laboratory test results for patients and their demographic data was collected
from registration records of the Elaj Medical Center by using data extraction format. All
data included in the study was retrieve from the records anonymously with no identifications
of the donors an extraction sheet will use, and data will be provided only as frequencies of

positive results for each test.(appendix2).
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3.1.6 Statistical analysis

The data was be analyzed by Social Package of Statistical Science (SPSS) version 20
(LEAD Technologies; Inc. USA). 95% confidence interval. P values <0.05 will be
considered statistically significant. Variables were represented as frequencies and %. in
addition, association between variables was assessed by x? test and fisher exacted test (

https://statpages.info/ctab2x2.html).

4. Ethical Considerations

The protocol of this study and its ethical consideration had approved by the Emirates
International University Faculty of Medicine and Health Sciences and from the Elaj Medical

Centre, Authorization. (appendix3).

5. Interpretation of clinical results:

3.5. 1. Interpretation of Skin Prick Test results:
According to the manufacturing company product:
- Diameter of the allergen bigger than 3 mm.
- Diameter bigger than half diameter of Histamine wheel. (appendix6).
3.5. 2. Interpretation of Patch Test results:
According to the manufacturing company product:
- (1+) Weak positive reaction with non-vesicular erythema, infiltration, possible papules
- (2+) Strong positive reaction with vesicular arythema, infiltration and papules

- (3+) Extreme positive reaction with intense erythema and infiltration, coalescing vesicles,

bullousreaction . (appendix7).
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4. Results

The study aimed to detect patterns of Hypersensitivity among Yemeni patients at Elaj
Medical Center in Sana'a city, Yemen during 2023.

4.1. Distribution of Hypersensitivity among Yemeni patients in Sana'a city.

A total 82 patient received by Elaj Medical Center during January and December 2023 was
interviewed and had diagnosed as Delayed Hypersensitivity (25.6%) & Immediate

Hypersensitivity (74.4%), table-4.1.

Both Delayed Hypersensitivity& Immediate Hypersensitivity was diagnosed by Skin Prick

test and Patch test at Elaj Medical Center.

Table (4.1): Distribution of Hypersensitivity among
Yemeni patients in Sana'a city.

Hypersensitivity Frequency Percent%
Delayed Hypersensitivity)| 21 25.6%
""Contact Dermatitis"
Immediate 61 74.4%
Hypersensitivity
"' Atopic Dermatitis"'
Total 82 100.0%
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4.2. Distribution of Immediate Hypersensitivity among_

Yemeni patients in Sana'a city.

The study found that Immediate Hypersensitivity, (25.6%), was more
prevalent than Delayed Hypersensitivity, (74.4%), among Yemeni
patients in Sana'a city, table-4.1.

4.2.1. Demographic data of patients with Immediate Hypersensitivity.

The results of this study found that female had, (52.5%), more affected
with Immediate Hypersensitivity than male (47.5%) with age group 31-
40 YRS, was 24.6%, table- 4.2.

Table (4.2): Distribution of Immediate Hypersensitivity among

Yemeni patients according to age group and gender

Characteristics Categories n (%)
MALE 30 47.5
Sex
Female 31 52.5
<10YRS 2 3.3
10-20 YRS 14 24.6
21-30 YRS 14 21.3
Age groups 31-40 YRS 15 24.6
41-50 YRS 13 21.3
51-60 YRS 2 3.3
> 60 YRS 1 1.6
TOTAL 61 100.00%

4.2.2. Allergens of Immediate Hypersensitivity.

Table (4.3) showed that most allergens that caused Immediate
Hypersensitivity was D.PT and D.farina, with frequency 41 & 40, while
less allergens with Candida albicans, Composite, and Hores with
frequency 1 among males and females.

The study found that there was a significant association between allergen
(Mimosa) and gender with P= 0.0286 and X? =4.792 among patients with
Immediate Hypersensitivity, table-4.4.
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Table (4.3): Distribution of Immediate Hypersensitivity
among Yemeni patients according to allergen and gender
Allergen Male (n) |Female (n) | Total (n)
1 D.farina 16 24 40
2 D.PT 17 24 41
3 Storae Mites 7 9 16
4 Alternaria 7 10 17
5 Aspergillus Mix 12 18 30
6 Candida Albicans 0 1 1
7 Penicillinum Mix 7 7 14
8 Cladosporium 1 4 5
9 3GrassesCocksfood.Rye.Timothy 3 4 7
10 Timothy 5 10 15
11 Bermuda Grasses 8 13 21
12 Date Palm 5 7 12
13 Mesquite 5 8 13
14 Mimosa 5 15 20
15 Rough Pigweed 7 10 17
16 Fat Hen 6 9 15
17 Mugwort 8 9 17
18 Plantain 6 9 15
19 Sorrel 7 11 18
20 Chenoppdiaceae(Mixture) 4 11 15
21 Composite 0 1 1
22 Wall Pellitory 1 1 2
23 Salsola Kali 1 1 2
24 Dadelion 1 1 2
25 Cat 13 14 27
26 Hores 1 0 1
27 Dog 9 12 21
28 Coockeoach(Balttela Garmanica 6 9 15
29 Celery 1 1 2
30 Banana 1 1 2
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Table (4.4): Distribution of Immediate Hypersensitivity

among Yemeni patients according to allergen and gender

Allergen Categories Total (n, %) Male (n, %) Female (n,%) Chi-square test | P value
g q
Positive 40 65.57% | 16 40% 24 60%
D.fari . .
aria Negative 21 34.43% | 13 62% 8 38% 1.844 01745
Positive 41 67% 17 41% 24 59%
D.PT 12 0.3
Negative 20 32.79% | 12 60% 8 40%
i Positive 16 2620% | 7 44% 9 56%
Storae Mites -y iive 45 73.70% | 22 49% 23 51% 0.004 095
Positive 17 27.80% 7 41% 10 59%
Al i . .
ternaria 7 ative 44 72.10% | 22 50% 22 50% 0111 0.7393
Positi 30 49.10° 12 0 0
Aspergillus Mix "¢ % 40% 18 60% 0.439 0.5075
Negative 31 50.80% 17 55% 16 52%
Positive 60° o 0
Candida Albicans | """ ! 1.60% 0 0% ! 100% 0.921 0.3371
Negative 60 98.40% 29 48% 31 52%
Positive 14 22.90° 0 0
Penicillinum Mix 0% ! >0% ! 0% 0.044 0.8338
Negative 47 77% 2 47% 25 53%
Positive 100 0 0
Cladosporium | /51" 5 8.10% 1 20% 4 80% 0672 04124
Negative 56 91.9 28 50% 28 50%
3Grasses
Positive 11.400 0 0
Cocksfood.Rye. | = """ 7 0% | 3 43% 4 ST% 0.07 0.792
Timoth
imothy Negative 54 88.60% | 26 48% 28 52%
Positive 15 24.40% 5 33% 10 67%
Timoth 0.9 .
1oty Negative 46 75.60% | 24 52% 2 48% 43 03315
Positive 21 4.40° 0 0
Bermuda Grasses osttve 34.40% 8 38% 3 62% 0.641 0.4234
Negative 40 65.60% | 21 53% 19 48%
Positive 12 19.60% 5 2% 7 58%
Date Palm 0 v 51 80.40% | 26 51% 25 49% 0.067 0795
Positive 13 21.30% 5 38% 8 62%
Mesquit . .
SR Negative 48 88.70% | 24 50% 24 50% 0181 0.6702
. Positive 20 32.70% 5 25% 15 75%
Mimosa Negative 41 67.30% | 24 59% 17 41% 4792 0.0286
Positive 17 27.80% 7 41% 10 59%
Rough Pigweed . .
OUBR HIBWEEE | Negative 44 7270% | 22 50% 2 50% 0111 0.7393
Positive 15 24.50% 6 40% 9 60%
FatH 141 .
aren Negative 46 75.50% | 23 50% 23 50% 0 0.7071
Positive 17 27.80% 8 47% 9 53%
Mugwort =0 ative 44 7220% | 21 48% 23 52% 0.002 0.9626
Positive 15 24.50% 6 40% 9 60%
Plantai 0. .
antain Negative 46 75.50% | 23 50% 23 50% 141 07071
Positive 18 29.50% 7 39% 11 61%
Sorrel Negative 43 70.50% | 22 51% 21 49% 0333 0.5522
. SEPERN 0 0, 0,
Chenoppdiaceae | Posiiive 15 24.50% | 4 27% 1 73% 5 454 01172
(Mixture)  ["noourive 46 7550% | 25 54% 21 46%
: Positive 1 1.60% 0 0% 1 100%
t . .
Composite 75 arive 60 98.40% | 29 48% 31 52% 0.921 0-3371
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Positive 2 3.20% 1 50% 1 50%
11 Pelli ) 94
Wall Pellitory =0 ive 59 96.80% 28 47% 31 53% 0.005 0.9436
. Positive 2 3.20% 1 50% 1 50%
SalsolaKali 70 ive 59 96.80% 28 47% 31 53% 0.005 0.9436
Positive 2 3.20% 1 50% 1 50%
Dadeli 0.005 0.9436
adelion Negative 59 96.80% 28 47% 31 53%
Positive 27 44.20% 13 48% 14 52%
Cat 0.007 0.9326
2 Negative 24 55.80% 16 67% 18 75%
Positive 1 1,6% 1 100% 0 0%
Hores Negative 50 98.40% 28 56% 32 64% 0.002 0.9604
Positive 21 34.40% 9 43% 12 57%
D ) 7941
o8 Negative 40 65.60% 20 50% 20 50% 0.068 0.79
Coockeoach Positive 15 24.50% 6 40% 9 60%
(Balttela . 0.141 0.7071
Garmanica | Negative 46 75.50% 23 50% 23 50%
Positive 2 3.20% 1 50% 1 50%
Cel 0.005 0.9436
Ge Negative 59 96.80% 28 47% 31 53%
Positive 2 3.20% 1 50% 1 50%
B 0.005 0.9436
anana Negative 59 96.80% 28 47% 31 53%
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4.3. Distribution of Delayed Hypersensitivity among Yemeni patients

in Sana'a city

4. 3.1. Demographic data of patients with Immediate Hypersensitivity.

The results of this study found that female had, (57%), more affected with
Delayed Hypersensitivity than male (43%) with age group 31-40 YRS,
was 33%, table- 4.5.

Table (4.5): Distribution of Delayed Hypersensitivity among Yemeni

patients according to age group and gender

Characteristics Categories n (%)
Sex MALE 9 43%
Female 12 57%
<10YRS 0 0%
10-20 YRS 6 29%
21-30 YRS 6 29%
Age groups 31-40 YRS 7 33%
41-50 YRS 2 10%
51-60 YRS 0 0%
> 60 YRS 0 0%
TOTAL 21 100.00%

4.3.2. Allergens of Delayed Hypersensitivity.

Table (4.6) showed that Paraphenylenediam, and Potassium bichromate
was the most allergen and Neomycin Sulphate was the least allergen that
caused Delayed Hypersensitivity among males and females, figure 4-1.

The study found that there was not association between allergen and

gender with among patients with Delayed Hypersensitivity, table-4.8.
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Table (4.6): Distribution of Delayed Hypersensitivity
among Yemeni patients according to allergen and gender

Allergen Male (n)|Female (n) | Total (n)
1 Paraphenylenediam 4 5 9
2 Formaldehyde 2 0 2
3 Epoxy Resins 1 0 1
4 Benzocaine 1 2 3
5 Balsm of Peru 2 1 3
6 Parabens mix 3 3 6
7 Chlorocresol 0 1 1
8 Chobalt Sluphate 4 3 7
9 Mercapto benzothiazole 2 2 4
10 Pottassium bichromate 4 5 9
11 Parthenium 2 1 3
12 Black Rubber mix 1 1 2
13 Thiuram mix 3 2 5
14 Wool Alcohol (Lanolin) 0 1 1
15 Vaseline 4 1 5
16 Colophony 2 3 5
17 Nickel Sulphate 3 6 6
18 Neomycin Sulphate 0 0 0
19 Nitrofuro Zon 4 0 4
20 Fragrance mix 3 3 6
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Table (4.7): Association between allergen and Gender.

9 10
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7 8
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Figure (4.1): Distribution of allergens of Delayed Hypersensitivity
among Yemeni patients according to gender
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Table (4.8): Distribution of Delayed Hypersensitivity

among Yemeni patients according to allergen and gender

Allergen Categories Total (n, %) Male (n, %) Female (n,%) Chi-square test | P value
Positive 9 43% 4 4% 5 569
Paraphenylenediam outve ’ ’ % 0.016 0.8987
Negative 12 57.1% | 5 42% 7 58%
Positive 2 286% | 2 100% 0 0%
Formaldehyde 0.933 0.3342
Negative 19 90% 7 37% 12 63%
P Tt V0 . 0, 0 0,
Epoxy Resins ositive 1 4.76% 1 100% 0 0% 0.022 0.8824
Negative 20 9524% | 8 40% 12 60%
Positive 3 14.29% 1 33% 2 67%
Benzocai 0.13 0.7188
cnzocatne Negative 18 85.71% | 8 44% 10 56%
Positiv 14299 2 0 I 0
Balsm of Peru ositive 3 9% 67% 33% 0.073 0.7871
Negative 18 85.71% | 7 39% 11 61%
P Tt Vo . 0, 0 0
Parabens mix ositive 6 28.57% 3 50% 3 50% 0.175 0.6757
Negative 15 71.43% 6 40% 9 60%
Positive 1 4.76% 0 0% 1 100%
Chl 1 0.788 0.3749
orocreso Negative 20 9524% | 9 45% 11 55%
Positiv 7 33.339 4 579 3 430
Chobalt Sluphate osive % % % 0219 0.64
Negative 14 66.67% | 5 36% 9 64%
Positive 4 19% 2 50% 50%
Mercapto benzothiazole ostve ° ° ° 0.103 0.7483
Negative 17 81% 7 41% 10 59%
P Tt Vo . 0 0 0
Pottassium bichromate ostive ’ 42.9% 4 % : 36% 0.016 0.8987
Negative 12 57.1% | 5 42% 7 58%
Positive 3 14.3% 2 67% 1 33%
Partheni 0.073 0.7871
arthenum Negative 18 85.7% | 7 39% 11 61%
Positive 2 9.5% 1 50% 1 50%
Black Rubber mix 0.046 0.8301
Negative 19 90.5% | 8 42% 11 58%
, _ Positive 5 238% | 3 60% 2 40%
Thiuram mix Negative 16 762% | 6 8% | 10 | 63% 0.137 0.7116
Positive 89 0 0
Wool Alcohol (Lanolin) outve ! 4.8% 0 0% ! 100% 0.788 0.3749
Negative 20 95.2% 9 45% 11 55%
Positive 5 238% | 4 80% 1 20%
' 1.974 1
Vaseline Negative 15 714% | 5 33% 11 73% 77 0.16
Positive 5 238% | 2 40% 3 60%
Coloph 0.022 0.8824
olophony Negative 16 76% 7 44% 9 56%
P, 0 0, 0,
Nickel Sulphate Positive 6 28.57% 3 50% 6 100% 0 1
Negative 15 71% 5 33% 10 67%
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Positiv 0 0% 0 0% 0 0%
Neomycin Sulphate e ’ ’ ’ 0 0

Negative 21 100% 0 0% 0 e 0%
Positive 4 19% 4 100% 0 0%

i 3.649 0.0561
Nitrofuro Zon Negative 15 % | 5 | 3% | 1| 7%

¥ . Positive 6 28.57% 3 50% 3 50% 0175 06757

ragrance mix : )

Negative 15 1% 6 40% 9 60%
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5. Discussion

The study was a retrospective study and provides a comprehensive evaluation of the
prevalence and characteristics of Delayed Hypersensitivity-contact dermatitis- and Innate
Hypersensitivity-atopic dermatitis- in Sana'a city, Yemen, and compares the findings with
relevant studies conducted in Saudi Arabia, Egypt, and other countries.

The results of this study indicated that Innate Hypersensitivity -atopic dermatitis- was
more prevalent than Delayed Hypersensitivity-contact dermatitis- in Sana'a, with 74.4% and
25.6% respectively. This finding aligns with the results of a similar study conducted in Saudi
Arabia, which reported a 68.3% prevalence of Innate Hypersensitivity-atopic dermatitis- and
31.7% prevalence of Delayed Hypersensitivity-contact dermatitis (Al-Asmari, et al., 2019).
In contrast, a study in Egypt found a higher prevalence of Delayed Hypersensitivity (57.1%)
compared to Innate Hypersensitivity (42.9%) (Abdel-Hafez, et al., 2003). In the United
States, the National Health and Nutrition Examination Survey (NHANES) reported a 7.3%
prevalence of Innate Hypersensitivity and 5.7% prevalence of Delayed Hypersensitivity in
the general population (Silverberg, et al., 2013).

The variations in prevalence across these regions may be attributed to differences in
environmental exposures, genetic predispositions, and lifestyle factors. The higher
prevalence of Innate Hypersensitivity-atopic dermatitis in Sana'a and Saudi Arabia,
compared to the higher prevalence of Delayed Hypersensitivity-contact dermatitis in Egypt,
highlights the importance of regional epidemiological studies to inform targeted prevention
and management strategies (Aldakheel, ef al., 2021).

The current study found a relatively even distribution of Delayed and Innate
Hypersensitivity across different age groups in Sana'a city. This was consistent with the
findings from study conducted in Saudi Arabia, where the prevalence of both conditions

remained stable across age (Al-Asmari, ef al., 2019).

57



Chapter 5 Discussion

In contrast, the Egyptian study reported a higher prevalence of Delayed
Hypersensitivity-contact dermatitis in older age groups (Abdel-Hafez ef al., 2003). While
the NHANES data from the United States showed a higher prevalence of Innate
Hypersensitivity-atopic dermatitis in younger individuals (Silverberg, et al., 2013).

These regional differences may be influenced by factors such as occupational
exposures, access to healthcare, and cultural practices that influence skin care and
management.

The skin prick test results for atopic dermatitis from this study highlighted the
significant role of dust mite allergens (D.PT) in the development of allergic skin conditions
in Sana'a. This was consistent with findings from Saudi Arabia and Indonesia where dust
mite allergens were also identified as a prominent trigger-allergen (Al-Asmari, et al., 2019
& Nopriyati, et al. 2022).

In Egypt, the most common allergens associated with delayed hypersensitivity-contact
dermatitis were Nickel sulfate, Fragrance mix, and Potassium dichromate (Abdel-Hafez, et
al., 2003). The NHANES data from the United States showed that Nickel, Neomycin, and
Cobalt were the most prevalent innate hypersensitivity-contact allergens (Silverberg, et al.,
2013).

These regional differences in allergen profiles emphasize the importance of local and
context-specific assessments to guide the identification and management of triggers for
delayed-contact and innate hypersensitivity-atopic dermatitis.

The present study found that females was more affected than males with delayed
hypersensitivity- contact dermatitis and equal affected in case of innate hypersensitivity-
atopic dermatitis. This finding disagree with study conducted in India (Gopinath VPK, et
al 2019). This may be due to the fact that females have a more outgoing nature in

this society than males and have a greater tendency to seek medical care by being
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the primary earning member in the family with significant exposure to allergens in
workplaces.

The current study results found a significant association between gender and positive
skin prick test results for Mimosa, suggesting a potential gender-specific susceptibility to
certain allergens as a risk factor. A similar gender-based association was not observed in the
Saudi Arabian & Egyptian studies (Al-Asmari, et al., 2019 & Abdel-Hafez, et al., 2003).

The varying gender associations across these regions highlight the complex interplay
between biological, environmental, and cultural factors that may influence the development
and presentation of skin conditions.

This study is limited by its focus on a single city in Yemen, which may not be
representative of the broader national context. Expanding the research to include larger and
more diverse populations across Yemen, as well as conducting longitudinal studies, would
provide a more comprehensive understanding of the epidemiology and trajectories of contact
and atopic dermatitis.

Additionally, incorporating in-depth investigations of environmental, genetic, and
socioeconomic factors that may contribute to the observed regional differences would help
elucidate the underlying mechanisms and inform tailored prevention and management

strategies (Gref, et al., 2017).
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Chapter 6 Conclusion

6.1 Conclusion

Innate hypersensitivity-atopic dermatitis more prevalent than delayed hypersensitivity-
contact dermatitis.

The study highlighted the significant role of dust mite allergens (D.PT) in the development
of allergic skin conditions among Yemeni patients in Sana'a city.

The study highlighted the significant role of Paraphenylenediam, and Pottassium
bichromate was the most allergen caused Delayed Hypersensitivity among Yemeni patients.
The findings highlight the varying prevalence, age distributions, allergen profiles, and
gender associations across these regions, emphasizing the need for context-specific
approaches to diagnosis, management, and prevention.

Continued research and collaboration across diverse settings will be crucial in addressing

the global challenge of delayed-contact and innate hypersensitivity-atopic dermatitis.
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6.2 Recommendations

1. Further studies should be conducted to include a larger and more diverse population across

Yemen, not just limited to Sana'a city.

2. Develop educational campaigns and resources to help patients and healthcare providers

recognize and avoid relevant allergens.

3. Train healthcare professionals, including general practitioners and pediatricians, on the

accurate diagnosis and evidence-based management of contact and atopic dermatitis.

4. Implement public awareness campaigns to educate the community on the prevention,

early recognition, and appropriate management of contact and atopic dermatitis.
5. Investigate the potential role of genetic, socioeconomic, and cultural factors in the

development and presentation of contact and atopic dermatitis in Yemen and the broader

region.
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Some of the reagent used in skin prick test, patch test and vaccine
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Date: g Al g
Sex: ==
gl g

Patch Test

S Allergen result S Allergen result
1 |Paraphenylenediam 11 |Parthenium

2 |Formaldehyde 12 |Black Rubber mix

3 |Epoxy Resins 13 {Thiuram mix

4 |Benzocaine 14 |Wool Alcohol (Lanolin)
b |Balsm of Peru 15 (Vaseling

6 |Parabens mix 16 |Colophony

! |Chlorocresol 17 |Nickel Sulphate

8 |Chobalt Sluphate 18 [Neomycin Sulphate
9 |Mercapto benzothiazole 19 [Nitrofuro £on

10 (Pottassium bichromate 20 |Fragrance mix

Mote -
(1+) weak pasitive reaclion with nonvesicular erythema, infillration, passible papules
[2+) Stnang pasilive reaction with vesicular aryibema . infilration and papules

[3+) Estrerme positive reaction with inberse andhema and infilfation, coaleseng vesicles, bullbus reaction

Signature:



Date oz B MName: g gall s
s8x: | Age: el
Lab. No.: 4 il o i Dactor il macd
Skin Prick Test Report
wiheal diameter wihea diameter
CODE Allergen imm) CODE Allergen imm)
MITES Weeds
1 D._larina Mon Reactive 16 Fal Hen Mo Reactive
2 DO.PT Mo Reactive 17 h1ug'm|l Mo Reactive
3 Storae Miles Mon Reactive 18 Plantain Mo Reactive
Mould &Yeast 19 Sarral Non Reactive
. . Chenoppdiaceae -
i Allernana Mon Reactive 20 (Mixiure) Mo Raactive
b Aspergiius Mix Mon Reactive 21 Composie MNan Reactive
b 22 Wall Pelitory Mon Reactive
7 Penicillirurm ki MNon Raactive 23
B Cladosporium Mon Reactive 24
Grasses Epithelia
AGrassas
q Eu:hsfnnd-ﬂya. MNon Raactive 25 Cat Non Raactive
Timathy
10 Timothy Non Reactive 26
11 Barmuda Grasses MNon Raactive 27 DUH Non Raactive
Comkenath ;
Trees 28 [Eahels Garmanics Non Reactive
12 Date Palm Non Reactive 23 | Negative control
Posilve control
13 0 [Histamine)
14 Mimaosa Maon Reactive Food
15 E-;Jugh F'igwued Mon Reactive
Notes: Signature:

* Positive result :
T)Diameter of the alangen bigger than 3 mim .

2 Diarneter Bigoer than hall diamater of Hisiamine whae
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