Sex Differences in COVID-19
Immunity

Sabra L. Klein, Ph.D.
Professor
Molecular Microbiology and Immunology
Co-Director
Center for Women’s Health, Sex, and Gender Research

&

‘ ' JOHNS HOPKINS Specialized Center of Research Excellence JOHNS HOPKINS
77T in Sex and Age Differences BLOOMBERG SCHOOL
A | \g . N of PUBLIC HEALTH
~ BLOOMBERG SCHOOL in Immunity to Influenza
of PUBLIC HEALTH




Sex is a biological variable that affects
Immune responses

Sex chromosomes

[ XX XY j—» X-linked genes | €=======- » | Autosomes
A

i[ SRY
Gonads :

¥ \/
Ovaries Testes

1
|
: Sex hormones !

' Hormone-dependent
o signalling

P (S ——-

]
1
A\

€mmmm

Sex-specific responses

 / e H
Oestrogens Jestosterone| (¢ =====cemmccencbeccccacaay s - >

- Innate and adaptive immunity
Sexual characteristics J __________ > [ L

Autoimmunity

Libert et al. 2010 Nat Rev Immunol 10:594

Johns Hopkins Bloomberg School of Public Health



Sex differences in immunity over the
life course

Age

Innate immunity

Adaptive immunity

inflammatory
responses in males

¢ Increased IgE
levels in males

Childhood/
pre-puberty

T Inflammation in males
T NK cells in males

e CD4/CD8 ratios and
CD4* T cell numbers
equal

e CD8* T cell numbers
equal

¢ [gA levelsin
males > females

® [gM levels in
males > females

¢ |[gG and IgM levels
equal

¢ B cell numbers equal

e T __cellnumbersin

reg

males > females

Johns Hopkins Bloomberg School of Public Health Klein and Flanagan 2016 Nat Rev Immunol, 16:626-38

Post-puberty/
adulthood

T Inflammation in
females
T NK cells in males

e CD4/CDS8 ratios
and CD4* T cells
Tin females

e CD8* Tcells
Tin males

e T cell activation/
proliferation
Tinfemales

e T, cellsTinmales

e Bcells Tin females

¢ Immunoglobulins
Tinfemales

Old age

T Inflammation in males
T1L-10 in females
T NK cells in females

* CD4/CD8 ratios and
CD4* Tcells Tin
females

e CD8" T cells T in males

¢ T cell activation/
proliferation T in
females

° Treg cells T in males

e Bcells T in females

* I[mmunoglobulins
T in females



Sex and gender intersect to alter the
outcome of infectious diseases

Biological sex

Sex chromosomes

R %

Sex hormones
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Epigenetic
effects

Behaviour of
patients and doctors

Society

Gender constructs

Lifestyle
Nutritional habits
Exercise
Perceived stress

Smoking

4

Disease
Pathophysiology
Manifestation
Response to treatment

Disease perception
Help-seeking behaviour
Use of health care
Decision making
Therapeutic response

Sex and gender differences
in health, disease, and medicine
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Females are more likely than males to
survive SARS-CoV-2 infection

https://www.scientificamerican.com/article/why-some-people-get-terribly-sick-from-covid-19/?amp;text=Why
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Sex-disaggregated worldwide
COVID-19 data S
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The burden of SARS-CoV-2 is worse
for men (data from France)
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Male-biased fatality rates across countries

and ages
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How sex could impact COVID-19

Virus entry Virus sensing/ Innate immune response Adaptive immune response

SARS-CoV-2

early antiviral response
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ACE2 (o TLR7 X-linked with biallelic\ * Sex differences in cytokine 1 B cellactivity and adaptive )
e X-linked expression in females and chemokine production immunity with age in males
* Downregulated by oestrogens e Increased IFNa from pDCs and neutrophil recruitment 4 Antibody response to HIN1
¢ Sex differential impact of in response to TLR7 in influenza vaccine in male mice
ACEZ2 variants in hypertension stimulation  Sex differential gene T Somatic hypermutation, germinal
* pDC responses are sex expression in innate cell centre formation and epigenetic
TMPRSS2 hormone regulated subsets accessibility of B cell loci in females
* Androgen reqgulated in e T cell subset distribution and
prostate cells activation affected by oestrogens
- ¢ Sex-specific development of
A protective treatment? regulatory T cells )
In one Italian study, men with prostate cancer who
received drugs that suppress androgens were much
less likely to be infected with SARS-CoV-2. o
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Del Valle et al. 2020 Nat Med doi.org/10.1038/s41591-020-1051-9

Males, older adults, and patients with
severe COVID-19 have greater cytokine
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Women have greater CLC

8+ T cell

activity than men during COVID-19
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Which factors contribute to greater antibody
responses?

Anti-S1 1gG anti-S 1gG anti-S-RBD IgG NT
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Adjusted coefficients

Males, older adults, and hospitalized
patients have greater antibody responses

()
o/
*%k%

*
Of @+ * x
@, Or @F @ ¢ o —
Male Age/10 Hospitalization Days since swab / 10

O Anti-S11gG AU

O Anti-S 1gG AUC (log10)

@ Anti-S-RBD IgG AUC (log10)
@ Neutralizing antibody AUC

Klein et al. 2020 JCI doi: 10.1172/JCI142004

Johns Hopkins Bloomberg School of Public Health




Being male and hospitalized are predictors
of greater antibody responses
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Males shed more virus and for a
longer duration of time than females

Clinical Infectious Diseases® 2020;71(15):799-806

Factors Associated With Prolonged Viral RNA Shedding in
Patients with Coronavirus Disease 2019 (COVID-19)
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