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Sex differences in immunity



Sex Differences in Immunity

Sex-based Immune 
Differences

Explore the biological 
and physiological 

variations in immune 
function between males 

and females.

Hormonal Influences

Discuss how sex 
hormones, such as 

estrogen and 
testosterone, impact 
the immune system's 

response.

Genetic Factors
Examine the role of 
genetic factors in 

shaping sex-based 
differences in 

immunity.

Implications for 
Health and Disease
Explore how sex-based 

immune variations affect 
the prevalence, severity, 
and treatment of various 

health conditions.
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IgG responses to 
common infections

• Indicator of past infection or vaccination 
• Correlate of protection (variable)
• Relevance for autoimmune disorders



Genomics of the healthy immune response

http://www.milieuinterieur.fr/

Healthy individuals, 
stratified by 

- age (20 to 70, 200 

per decade)

- gender (1:1 
ratio)

Establish deep 
understanding 

of immune 
variance

Define how 
immune 

phenotypic 
variation is 
genetically 
controlled 

Ascertain the 
role of 

microbiota in 
regulating 

immune 
programs



http://www.milieuinterieur.fr/
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Impact of sex on IgG levels
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Klein et al., Nature Reviews Immunology 2016



Klein et al., Nature Reviews Immunology 2016

Clinical consequences of sexual 
dimorphism of immune responses



Autoimmune Disorders and Sex Differences

Prevalence of Autoimmune 
Conditions in Females
Autoimmune disorders are more prevalent in 
females compared to males, often with a ratio of 
3:1 or higher.

Potential Mechanisms
Hormonal differences, genetic factors, and 
immune system dynamics may contribute to 
the disproportionate prevalence of 
autoimmune conditions in females. 

Diagnostic Challenges
The higher prevalence of autoimmune disorders 
in females can lead to diagnostic challenges, as 
symptoms may be more common or present 
differently in women compared to men. This can 
result in delayed diagnoses or misdiagnoses.

Treatment Considerations
Addressing the sex-based differences in 
autoimmune disorders is crucial for improving 
treatment outcomes. Tailored therapies and 
dosing regimens may be necessary to account 
for the unique biological and hormonal profiles 
of females and males.



Haupt et al., Nature Reviews Cancer 2021

Sexual dimorphism 
and cancer risk



Sexual dimorphism of immune responses

Capone et al., Front. Immunol. 2018



Takahashi & Iwasaki, Science 2021

Sexual dimorphism in 
SARS-CoV-2 infection



Why?



Why?

Wilkinson et al., Nature Reviews Immunology 2022



X chromosome

“… the TLR7 gene evades silencing by X chromosome 

inactivation in immune cells from women.”

“… enhanced TLR7 expression owing to biallelism 
contributes to the higher risk of developing SLE and other 

autoimmune disorders in women.”



TLR7 & Covid



Enrichment of gene pathways 
on the X chromosome

Haupt et al., Nature Reviews Cancer 2021



Turner Syndrome Klinefelter Syndrome
Chromosomal 
Abnormality

Missing one X chromosome (45,X) Extra X chromosome (47,XXY)

Sex Hormone 
Levels

Low estrogen (ovarian insufficiency) Low testosterone levels

Autoimmune 
Disease Risk

High risk Moderately high risk

Autoimmune 
Diseases

Hashimoto’s thyroiditis, Type 1 diabetes, 
Celiac disease, Rheumatoid arthritis

Lupus, Rheumatoid arthritis, Multiple sclerosis, 
Type 1 diabetes

Immune Cell 
Composition

↓ Naive T cells, ↓ Regulatory T cells (Tregs), 
↑ B cells (autoantibody production)

↑ CD4+ T cells, ↓ CD8+ T cells, ↑ B cell 

Infection 
Susceptibility

Higher risk of bacterial and viral infections Higher risk of viral infections

Vaccination 
Response

Effective but may require booster doses 
due to weaker immune memory

Stronger vaccine responses due to higher B cell 
activity

Potential 
Interventions

Estrogen replacement therapy may 
improve immune function

Testosterone therapy may help regulate 
immune responses



Hormones

▪ Progesterone: has broad anti-inflammatory effects

▪ Estrogens: enhance cell-mediated and humoral 
immune responses

▪ Androgens: decrease immune cell reactivity



Hormones

Capone et al., Front. Immunol. 2018

E2: 17β-estradiol 
ER: estrogen receptor α 



In the nonobese diabetic (NOD) mouse model of type 1 diabetes:

“… Transfer of gut microbiota from adult male [mice] to immature females
altered the recipent’s microbiota, resulting in elevated testosterone and 
metabolomic changes, reduced inflammation (…) and robust T1D 
protection.”

“… the microbiota may be able to regulate sex hormones and influence an 
individual's susceptibility to autoimmunity.”

Other influences: microbiome



Klein et al., Nature Reviews Immunology 2016

Other influences: age - life course



Conclusions

• Sex differences in immune responses are important
• In general, males have weaker immune responses 

and are at higher risk of infections and cancer
• In general, females have more robust immune 

responses leading to increased risk for 
autoimmunity

• Sex differences in immune responses reflect 
complex interactions between hormones, genes 
and environment

• Most studies of immune function did not include 
both sexes… and that’s bad!
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