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"Drug Allergy in children and adults: is it the dda X chromosome?"

It is well established that autoimmune diseasegiatonditions and asthma affect adult females
more frequently than adult males. This discrepaypically develops after childhood and

affects females differently depending on their df&le. As children, males have higher total

and allergen specific IgE levels than females aedhaore likely to suffer from atopic disease
and asthma than girls. However, as adults, tl@sglence reverses and females are more likely
to develop atopic conditions such as food allergaéspic dermatitis, urticaria, angioedema and

asthma-?

Certain adverse drug reactions (ADRs) have beeasrtegbto occur more frequently in adult
females or to affect them more severelyADRs include all types of reactions related togs,
including side effects, with only the minority bgimmunologically-mediated drug allergy,
driven by adaptive and/or innate mechanisms. Meltreported drug allergies are not true
allergy and when investigated are rarely determtodze immunologically-mediated.
Interestingly, both self-reported and immunolodicahediated drug allergy are more frequently

observed in adult females compared to m&les.

Despite adult female predilection for drug allerthere are few laboratory studies exploring
gender specific mechanisms in atopic/allergic disspand most are focused on autoimmunity
and asthma. Possible explanations for gendeaudisgs in disease are multi-factorial and
include disproportionate utilization of healthcargh more exposure to antibiotics/medications,
genetic factors related to the X chromosome, egtiechanges, and discrepant hormonal
interactions with immune cells. This article wiglview the latest science and epidemiologic

studies related to drug allergy in children andlisdio explore possible mechanisms related to
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female propensity for drug allergy. In this revjdihe term female focuses exclusively on the
known biological differences between females antemd his focus comes with the recognition

that gender is complex with a multitude of soqguysical, and environmental influences.

Adverse Drug Reactions and Gender

Although over 15% of individuals self-report a draliergy, almost 90-95% will tolerate the
drug with subsequent drug challenge, meaning tteairtajority of self-reported drug reactions
are unlikely to be immunologically-mediated drutpajy’ The incidence of self-reported drug
allergy is higher in females than males. First tcoasults for drug allergy are sought more
frequently in females, with one study reportingméle to male ratio of approximately 2.
This may be explained in part by adult females ¢pemore proactive than males in healthcare
utilization, though gaps in healthcare for femaieparticular diseases do exisEemale patients
also use more antibiotics, which may increase tigh{rof developing allergy to these
medications® In one study by Macy and Poon, 92% of patierpsnting 10 or more drug
“allergies” were female with a mean age of 67 yednsfact, in this study 20% of females over
the age of 80 reported an “allergy” to penicillongpared to 14.9% of males. Increasing age
contributes to more antibiotic “allergy” not onlgtause of frequent antibiotic and health care
use among females but also because of very low cdterug allergy de-labelin§. One study
by Macy et al reviewed medical records of 2,375 ,#2dviduals who had at least 11 months of
healthcare coverage during 2009, and at least Icaledsit during 2009. 1,296,803(54%) of
these participants were female and 1,078,621(458t¢ wale. In this sample, there were 478,
330 (20.1%) members with any “allergy” reports dfomn 325,381(68%) were females and
152,902 (32%) were male. This large group reptssgoproximately 1% of the United States

population who use healthcare and is thereforeod gooxy for gender distribution in self-
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reported drug allerg¥. In one registry of hospitalized patients withglallergy, females were
statistically more likely to develop adverse draggations than males, although there were no
significant differences in the clinical manifesteits and drug allergy mortality between both

genders, which has been supported by further stfidfte

In contrast to drug allergy studies focusing onliggopulations, when studies assess drug
allergies in children, a gender difference is ofteh detected. The exception may be related to
adverse drug reactions. One large systematicwdewyeSmyth et al suggested that the incidence
of ADRs is higher in girls with an odds ratio ol 3** However, in general when children are
assessed using parental questionnaires alone dudhar evaluated with skin testing and drug
provocation testing, there is no consistent fempadelominance in the prevalence of both

reported drug allergy and immunologically-mediatiedg allergy*>*’

Specific Drugs and Gender

Large population studies have demonstrated that Benales have higher “allergy” prevalence
rates for all classes of dru§$. One recent study reviewing drug induced anapis/iDIA)

found that penicillins were the most likely culprfbllowed by sulfonamides and then NSAIPS.

Park et al. specifically addressed female gendarrask factor for penicillin allergy and found
that out of 64 patients with positive penicilliniskesting, 53 were females (83%) and 11 (17%)
were males. In this study, females had an odds 0&8.2 for positive penicillin testing. When
the wheal size increased to 5 mm the gender gapwed’® This study did not use drug

provocation testing to confirm allergy and had aisample size.

There are five different sub-types in NSAID hypesavity which vary based on mechanism

and clinical symptoms. These include NSAID exaatzt respiratory disease (AERD), also
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called (NERD), NSAID-exacerbated cutaneous dis@d&€D), urticaria or angioedema
induced by multiple NSAIDs, single NSAID-inducedaotions, and delayed NSAID reactions.
Data on risk factors for NSAID hypersensitivityliimited but AERD is more common in adult
females->* One recent study reviewing reactions to presoript!SAIDs using the electronic
medical record and informatics in a large healtle cystem reported that adult females have a
1.8 odds ratio for NSAID hypersensitivity reactidhs It is unclear if gender is a risk factor for

children with NSAID allergy and this may vary defderg on the sub-typ&:*

There are reports of female predominance in cadsesctions to radiocontrast media, peri-
operative anaphylaxis, anesthetics and anti-ejpilelotig reactions, although large scale studies
are lacking. Traditionally, radiocontrast mediagdly was considered to be a female
predominant condition with some studies reporthrg females had up to 22 times the risk to
develop the pseudo-allergic reaction, driven by-fgthmediated mast cell degranulation,
compared to men. A theory of the predominance efatad to females having a higher dose per
body weight and may have been influenced by theofibggh osmolality dyé* However in one
study, there was no gender difference but femalpeared to be more vulnerable to serious
reactions. Another study from 2012 reports a total of 0.5Rfemales versus 0.3% of males had

a radiocontrast agent “allergy.

One interesting study compared the frequency oéldging rash with antiepileptics in females
to males. The authors reviewed a total of 663zp&diwith 2,567 exposures to 15 different
antiepileptics, and reported that rash frequency lwgher in females during the reproductive

years compared to men in the same phase dflife.



90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

Drug allergy is more commonly reported in adult &es than males but this same discrepancy
does not occur in children. It is possible thisesondary to increasing use of antibiotics as one
ages, but additionally, females may have a highgpgnsity for immunologically-mediated drug

reactions due to the biological differences betwmates and females that surface after puberty.
To understand how the female gender may be aadthif for drug allergy, one has to delve into

male and female genetics, primarily related toXl@hromosome as well as hormones

throughout their life cycles.

Epigenetics and the X Chromosome

Male and female sex differences start with theedéhtial in genetic material found in the X and
Y chromosome. The process of genetic dose equieylis dependent upon epigenetic
modification. Epigenetics is the study of herieabhanges in gene function that are unrelated to
the gene itself. DNA methylation, posttranslatidmiatone modifications, nucleosome
occupancy, and small and long non-coding RNAs nyattié DNA by promoting or suppressing
accessibility to particular regions of the genoriéis process changes transcription of the gene
without altering the nucleotide sequence and léa@dtered expression of the gene. These
epigenetic modifications may influence an indivitkigredisposition to develop certain disease
states and may contribute to the varied expressitime immune response and allergic

expression throughout lifé

Females are functional mosaics for X-linked gethesto the epigenetic process involving the
noncoding RNA X inactivation specific transcriptl&T) which mediates X chromosome
inactivation (XCI). In most cases, XCI occurs ramty early in development to balance X-

linked gene products between males and femalesgfijuy Nonrandom or skewed XCI occurs
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when there is a preference for one X chromosonbe tsilenced, such as in mutations or in a
stochastic event. Skewing of the X chromosomefsdd as 75% or more cells being skewed
toward the preferential X chromosome and extrenegvalg occurs when >90% retain the same
X chromosome. Inactivation will fail in at least-16% of female genes, leading to expression of
both X chromosomes due to escape of the X chromesmm XCI1?® Over 16% of females

over the age of 50 have evidence of skewed XCultiag in the preferential expression of one

X chromosome over the other. Typically this doesresult in disease however; extremely
skewed XCI has been demonstrated in some autoimdiseases and immune deficiency states.
Skewing of XCI can also occur over time as oneatly derived X chromosome leads to

selective cell death due to problems with maintajiXC1.2°

This could explain why autoimmune diseases terptéeent later in life and be progressive. We
know that epigenetic modifications can also media¢eeffects of the environment on allergic
disease and immune respor%&. Chemicals and drugs can act on epigenetic canbfajene
expression in SLE" 32 Anaphylaxis to medications are more common indlesiand older
individuals, often attributed to more exposure &dmations, however it is possible that their
vulnerability to develop immune responses to meitina changes with agé®3*3’ Currently,
there are no significant laboratory studies thaehavestigated differing epigenetic regulation
by sex in drug allergyEpigenetics might be one part of the puzzle thptagns the high degree
of variability in gender specific immune respong@sughout life, however sex hormones are
also known to modify female response in immuneatogic conditions which fluctuates with

reproductive status.

Female Predisposition to Disease
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Males tend to have a less efficient humoral imm@s@onse which is supported by higher rates
of parasitic infections and lower rates of antiboegponse to vaccind$.Females are more
susceptible to autoimmune diseases including melgplerosis, systemic lupus erythematosus,
and rheumatoid arthritis, resulting from a moreova@s immune response. Sex hormones are
known to play a crucial role in an individual’s immmty and directly influence both allergic,
inflammatory cells and their function. Females have cyclical expressions of allergit an
asthmatic responses which vary depending on mextstn, pregnancy, and menopause. For
instance, one study showed a significant increasled size of the wheal-and-flare response to
histamine on days 12-16 of the cycle, correspontbrgyulation and peak estrogen levels in
both atopic and non-atopic femaf8sin addition, peri-menstrual asthma is commoreiméles

and is associated with more severe diséase.

Most studies on sex hormones focus on their infteean asthma variation in females, likely
fueled by the striking gender effect on qualityliftef and cost of healthcare. Females over the
age of 25 account for >62% of hospitalizationsdoute asthma exacerbations and are more
likely to be corticosteroid resistahit>*® In infancy, males have an increase in wheeze and
albuterol use which was traditionally attributedstoaller airways relative to lung volume
compared to females. However, by young adulthtedales have more small airway resistance
and decline in FEV1compared to matésn addition, early menarche (<11 years) in gsls i
associated with increased risk of new-onset asttongared with typical onset of menarche
(11-13 years§® In a recent meta-analysis, irregular menstruatias associated with current
atopic asthma with an odds ratio of 2.57 (95% @643.98), but not with current non-atopic

a46

asthma?”® These clinical findings are supported by labmmastudies that demonstrate the

differential effect that male and female hormomepart upon immune cells in the development
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and expression of asthma and alleT§y.Many asthmatic females have improvement of
symptoms in pregnancy. However, females that hareening of symptoms tend to have more
severe asthma and typically improve within 3 mombstpartum. Oral contraceptive use for
asthma control has been studied and is conflictBgme studies have concluded worsening of
asthma and wheezing while on contraceptives, h#ratudies have noted a reduction in the
number of acute care visits and physician diagnedezktzing. Menopause and hormone
replacement may also influence first time wheeza fi@male or lead to drastic improvements in

asthma symptoms in othets.
Female Predisposition to Anaphylaxis

Anaphylaxis by all causes is reported more fredyentadult females than males. This
difference surfaces after puberty, suggestinggaathormones may be involv&t® In

addition, cases of catamenial anaphylaxis have keggrted, further implicating estrogen or
progesterone as potential triggetsA mouse model by Hox et al may support the concép
estrogen’s effect on anaphylaxis. Ovariectomyltedun reduced severity of anaphylaxis in a
mouse model. Subsequent estradiol supplementaititre same mice restored the severity of
the anaphylactic reactions. Interestingly, thessriectomized animals had similar serum
concentrations of mast cell mediators comparetiémbnovariectomized (hormonally intact)
animals, indicating that the estrogen effect wasangmenting the IgE response. However,
increased vascular permeability and higher exppassi endothelial nitric oxide synthase
(eNOS) was found in the female mice compared torthke mice. Their data provides
experimental evidence that estradiol may upreg@Bi®S expression resulting in the production
of NO which is critical for increased vascular peghility and severe anaphylaxs* This

murine study prompted a group to review the Eurnplzaphylaxis registi? and stratify data
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according to severity and divide them based onaaglegender. They reviewed a cohort of 5765
patients (2792 males and 2973 females) and detednivat the prevalence of anaphylaxis in
adults is higher in females, however the opposdeipe evolves concerning severity of
anaphylaxis® Supporting these findings, a recent study bychens in the United States
reviewed diagnostic codes related to cause of deatih1999-2010, and found there was no
significant difference in rates of fatal anaphytaiitween gendet$. At this point, it is unclear

if the murine data is applicable to human expeesraf anaphylaxis but may be a starting point

for further investigations.
Drug Induced Anaphylaxis and Gender

Drug Induced Anaphylaxis (DIA) has followed thisrsatrend, with anaphylaxis to drugs
reported more frequently among adult fem&Es."**3" Over the past five years, more studies
focusing specifically on drug-induced anaphylarisarious countries have surfaced (Table 1).
One recent large study examined the electroniadsoaf all patients who visited two hospitals
in Boston between 1995 and 2013. It gathered indtion regarding their drug allergy status and
history of DIA. Out of the 1,756,481 patients, I7(B43 (57.9) were female. 19,836 reported
DIA and 14,668 (73.9%) of this latter group wermée. In this study female gender had an
odds ratio of 2.20 (95% CI 2.13-2.28) for reportofdIA. There was also an association
between predominantly female conditions with tis& for DIA, including Sjogren’s syndrome,
asthma, endometriosis, Systemic lupus Erythematosesmatoid arthritis, multiple sclerosis,

and thyroid disease.

There is no clear gender predominance in childrigém BAA. One group from Canada recently

recognized a disparity in gender related to DIAisTwas an observational study which collected
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data on children and adults either retrospectivelgrospectively from June 2012 to May 2016.
In this study only 18/64 (28.1%) of adults with phglaxis were male while 27/51 of the
children who had anaphylaxis were males (52.9%hep concluded that while there is no
gender disparity in children with DIA, fewer epies of DIA occur in male adults. Another
study evaluated 561 children and adolescents fay dliergy using a standardized anaphylaxis
scale, skin testing and/or drug provocation. Quhe 561 individuals referred for possible DIA,
only 113(19%) were suspected to have immunologigakdiated DIA based on clinical history.
With further evaluation including skin testing amddrug provocation testing, only 84/ 561
(15%) were confirmed to have true DIA. Intereslynthe majority of reactions (66%) in boys

occurred when they were <12 years of ge.

Female predominance after puberty has also beeord#rated in vaccine-induced anaphylaxis.
In a large study examining a total 25,173,965 vaedoses, although anaphylaxis to vaccines
was noted to be rare, it was interesting that olildvho experienced anaphylaxis were

predominantly male whereas adults were predomipéerhale>*
Sex Hormones and Allergic Disease

If female risk for immunologically-mediated drudesy and DIA increases with age, it is
possible that male and female hormones play amdlas risk. Sex hormones are known to
play a crucial role in an individual’s immunity addectly influence both allergic, inflammatory
cells and their functions. These hormones promete gxpression or activate/ inhibit signaling
transduction after binding to cell surface receptar a wide array of cells types throughout the
body. The main female hormones are estrogen aogggterone while the main male hormone

is testosterone. In general estrogen induces a mgorous immune response, whereas
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224 androgens and progesterone tend to be inhibitaynasunt a less efficient immune resporise.
225 Their role in the adaptive and innate mechanisrasdhive allergy has been well studied, though
226 mainly in laboratory animals.

227 Over the last few decades, our understanding ofsexhormones interact with the adaptive and
228 innate immune system stem mostly from mouse madetdving hormone receptor and cellular
229 knockouts, as well as castration and hormone repiaat. Most of these studies have focused
230 on the mechanisms behind the complex interactiensden estrogen and asthmatic

231 inflammation. These studies provide the experiaentidence that sex hormones interact with
232 integral cells involved in the allergic pathwayh@?2). In fact, sex hormone receptors are

233 present on virtually every cell in the body makinhgossible for them to influence immune

234 reactions. There are two main categories of estrogceptors (ERs): Nuclear and membrane
235 bound G-protein-coupled. Estrogen readily penedrtite cell membrane and triggers

236 dimerization after encountering the ER in the cgto®nce the ER is freed from the heat shock
237 protein (HSP) 90, it translocates to the nuclewsengages the estrogen response elements
238 (ERESs) on target gene promoters. The various BRnsis and layers of regulatory proteins

239 allow estrogen to interact with transcriptionalttas leading to both activation and/or

240 suppression of biological pathways. Similar to@gtn, progesterone also interacts with various
241 cells by signaling through nuclear isoforms and fmeme bound receptors but can also signal
242 through a glucocorticoid receptor. Testosteromeracts with the androgen receptor

243 NR3C43947%

244 The ubiquitous expression of estrogen, progestesinddestosterone receptors allows sex

245 hormones to affect a wide array of cells in theybimdiucing an antagonist or synergistic effect

246 that also relies upon dosing of hormones. Thigltesn an array of cellular responses with a
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high degree of diversity allowing sex hormonesitedly affect interactions between dendritic
cells, lymphocytes, mast cells, basophils and epsiits which are essential in both adaptive and

innate immune respons&&*’
Adaptive |mmunity and Sex hor mones

Adaptive immune mechanisms in drug allergy areatriby B and T lymphocytes and the
production of an IgE antibody specific for the driddthough hormonal influence has not been
specifically studied in drug allergy, lymphocytspense and antibody production is known to be
influenced by hormones in laboratory studies. Basititogen and testosterone affect Th1l/ Th2
balance which varies depending on concentratiamr.ekample, low doses of estrogen tip the
response towards induction of Thl cells. Howewemd the luteal phase of menstruation and
pregnancy, estrogen may promote Th2 cells, whiemacessary in eliciting IgE mediated
allergic reactions that may result in DIA. In c@dt, testosterone can both dampen Thl
activation by inhibiting IL-12 activated STAT4, apdomote Th2 activation leading to poor
clearance of parasitic infections. Testosteronealasbeen shown to decrease IgE production
from B cells following allergen challeng®.Laboratory studies have demonstrated that estrogen
enhances histamine release from rat mast cells@mgltized human basophils upon stimulation
with anti-IgE>"*® Sex hormones are known to interact with dendciits (DC), lymphocytes,
eosinophils and basophils sometimes in a cyclioaedlependent manner that can result in the

development, augmentation, or suppression of Ig&iared response (table 237575973

Innate mmunity and Sex Hormones

In addition to gender specific response in adaptivaunity, there is evidence that the innate

immune system is expressed differently in malesfanthles. Recent studies in mice have
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shown that testosterone and androgen receptorlisigmaduce type 2 allergen induced cytokine
proliferation due to not only Th2 and Th17 cellst blso to group 2 innate lymphoid cells (ILC),
which are integral in innate immunity and inducailgrgic respons& "3 Testosterone and

progesterone are also known to be potent indudefFgegulatory cells which play a central role

in preventing the expression of allergic symptanfs.

Testosterone and progesterone may also dampegiallesponses by inhibiting mast cell
mediator releas¥:*®® It is possible that the relative number of estrognd progesterone
receptors on mast cells may fluctuate with mensitnar ovulation, leading to either
augmentation or inhibition of mast cell mediatdt€Estradiol has been shown to augment mast
cell secretion when it is inhibited by tamoxifen, BR antagonist. Estradiol at physiologic
concentrations promotes synthesis of mast cell abedi and mast cell degranulation via the

ERS®

Innate immune receptors such as toll-like recedfbkf) detect danger signals in the mucosal
environment and aid in the interpretation of alkerg@xposurelt is known that TLR7 is
expressed on the X chromosome and promotes strangeriral responses in females versus
males. This suggests that sex hormones may midifgerception of danger signals and viral
response that could be in play in non-immediateg diypersensitivity. Alternatively, sex
hormones could potentially augment IgE responsednug or even act as a hapten, promoting

sensitization in immediate drug hypersensitivity.
Conclusion

Drug allergy and DIA are more common in adult feesahnd this propensity develops after

puberty. Adult females seek out medical care Mraguently and take more antibiotics;
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however, it is likely that complex interactionstbé X chromosome, epigenetics, and sex
hormones also drive this gender discrepancy. tiete are few studies examining these
interactions, specifically in anaphylaxis and daligrgy. When sex differences surface in a
condition, researchers should strive to understia@anechanisms behind the sex-biasing factors,

as part of a strategy for prevention of diseaseidewtifying new targets for treatment.
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Figure1l Legend. Xist which islocated on thelongarm of the X chromosome, mediates X
inactivation which drives dose compensation. Typically this processis random (A), however
when one X is preferentially expressed, it leads to skewing of X inactivation (B).



Table 1. Summary of recent studies examining Drug Induced Anaphylaxis

Study Total Total number of M ethods/ Mean Age | Years Drug induced Drugs Country
number | patientswith Database anaphylaxisin
of actual DIA females
patients
806 117/806 (14.5%) Observational study | 38.6+/-145 | January 95/117 (81%) NSAIDS Brazil
Aun (2014)Y Skin Testing years(2-70) 2006-June Latex
In vitro tests 2012 Anesthetics
DPT Antibiotics
716 716 Observational study | 48+/- 19 2002- 508/716 (71%) Not identified United
Banerji (2014)* Medicare Database years(0-65) | 2008 States
using ICD codes
561 84/561 (15%) Observational study | Children January 37/84(44%) Antbiotics Turkey
Cavkaytar (2017)* Skin testing and 2012- NSAIDs
DPT adolescents. | February Chemotherapeutics
9.6 2016 Others
years(5.4-
13.8)
1,756,481 | 19,836 (1.1%) Observational study | Adults 1995- 14,668/19,836 (73.9%) Penicillins, sulfonamides, | United
Dhopeshwarkar Electronic Health 2013 and NSAIDS States
(2018)° Record: Partners
313 313 Observational study | 43.8 (2-89) January 207/313 (66%) NSAIDS Portugal
Faria (2014)* National Anaphylaxis 2007- Antibiotics
Notification System December Anesthetic agents
2010
64 adults 64 adults Observational Study | Adults: June Adults: 46/64 (72%) Antibiotics Canada
Gabrielli (2018)* 51 51 children Cross-Canada 489 2012-May | Children: 24/51(47%) NSAIDS
children Anaphylaxis Registry | Children: 2016 Radiocontrst
8.95 Other
1005 264/1005 (26.3%) Observational study | 38.2 (1-84) December | Adults: 159/215 (73%) NSAIDS Latin
Jares (2015)* Database 2011-July | Children:21/49 (42.9%) | Antibiotics America
encompassing 11 2014 Corticosteroids
Latin American Neurologic Drugs
Countries Local Anesthetics
Others
300 adults | 300 adults Observational study | Adults: 2002- 206/333 (61/9%) Antibiotics France
Renaudin (2013)* 33 33 children Skin testing 46.4+/- 146 | 2010 Muscle relaxants
children In vitro tests years Latex
DPT Children: Anesthetics
9.8 +/-4.5 Contrast
years NSAIDS
Others
9425 1189/9425 (13%) Observational study | 47.6+/-20.1 | January 627/1189 (52.7%) Antibiotics China
Zhao (2017)* Beijing Center for 2004- Traditional Chinese Drugs
ADR monitoring December Radiocontrast
2014 Antineoplastic Agents

Total number of patients (column 1) varies from study to study and can represent either the total population or the total number of patients with suspected

drug allergy or drug induced anaphylaxis




Table 2. State of current experimental data supporting hormonal interaction with allergic and inflammatory cells

Dendritic Cells

B Lymphocytes

T Lymphocytes

Mast Cells

Eosinophils/
Basophils

-Enhances DC sub-

-Effects on T cell activation

ESt rogen C -Promotes B cell expansion and -Induces synthesis of -Induces eosinophilic
g populations lowers threshold for B cell and Th1/Th2 balance(animal | mast cell mediators inflammation in the
-Stimulates DC driven Th2 activation and human l“issue)39 and degranulations7 peripheral blood and
response(human t‘issue)60 -Negatively impacts B cell -Combined with BAL fluid®*
tolerance *° progesterone, increases Th17
differentiation and IL-17A
production2
-Inhibits DC activation -Influences B cell function® -Potent inducer of Treg -Suppresses histamine | -Enhances eosinophil
ProgeSte rone -Reduces DCs ability to -Increases IL-10- producing B cells(animal models and secretion from degranulation in
activate CD4+T cell regulatory cells which human cord blood)ss purified rat peritoneal mice®®
proliferation62 prevents mast cell activation in | -Suppresses T cell dependent | mast cells® -Combined with
the airways63 antibody responses64 estrogen promotes
human eosinophil
degranulation(human
tissues)67
-Inhibits DC activation, -Inhibits B cell maturation and -Can affect T cells both -Suppresses histamine | -One study
TeStOSte rone antibody production69

cytokine production and
immune response(animal
and human sl“udies)68

- Decreases IgE production
from B cells following allergen
chaIIenge56

directly and indirectly via
differentiation, induction of
Tregs and regulation of T-
dependent antibody
response®

- Decreases allergen-induced
IL-5 and IL-13 production
from Th2 cells, ILCs and IL-
17A production from Th17
cells®

secretion from mast
65
cells

demonstrated that it
does not influence IL-4
generation in
basophils (human
balsophils)71
-Decreases
eosinophilic
inflammation to
allergen

56,72,73
exposure

Abbreviations: Dendritic Cell (DC), Bronchoalveolar Lavage (BAL), T-regulatory Cells (Tregs), Innate lymphoid Cells (ILCs). *All of these studies were performed

in laboratory animal or tissue models with the exception of those noted.
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Key Messages

Females are more likely to have asthma and atopic conditions throughout their lives, which are
cyclically affected by their reproductive status.

There is experimenta evidence to support sex hormones rolesin the allergic and inflammatory
response.

Drug allergy and drug induced anaphylaxis is more common in adult females compared to males
and this propensity devel ops after puberty.

Although drug induced anaphylaxis is more prevalent in adult females, fatal or severe drug
induced anaphylaxisis not.

Disproportionate utilization of healthcare, genetic factors related to the X chromosome,
epigenetic changes, and discrepant hormonal interactions with immune cells contribute to the
gender discrepancy in drug allergy.



