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Sex is a biological variable that affects 
immune responses

Libert et al. 2010 Nat Rev Immunol 10:594



Sex differences in immunity over the 
life course

Klein and Flanagan 2016 Nat Rev Immunol, 16:626-38



Sex and gender intersect to alter the 
outcome of infectious diseases

Mauvais-Jauvis et al. 2020 Lancet 396:565



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



Sex-disaggregated worldwide 
COVID-19 data

Countries w/ male bias
Countries w/ female bias
Countries w/o sex bias

COVID-19 DeathsCOVID-19 Cases

no sex-disaggregation


partial sex disaggregation


sex disaggregation


sex disaggregation in healthcare workers


Bischof, Wolfe, & Klein. 2020 J Clin Invest  
10.1172/JCI13930610.1172/JCI139306;
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The burden of SARS-CoV-2 is worse 
for men (data from France)

Salje et al. 2020 Science 10.1126/science.abc3517



Male-biased fatality rates across countries 
and ages

Scully et al. 2020 Nat Rev Immunol 10.1038/s41577-020-0348-8



How sex could impact COVID-19 
outcomes

Scully et al. 2020 Nat Rev Immunol 10.1038/s41577-020-0348-8



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

responses

Del Valle et al. 2020 Nat Med doi.org/10.1038/s41591-020-1051-9 



Women have greater CD8+ T cell 
activity than men during COVID-19

Takahashi et al. 2020 Nature
doi.org/10.1038/s41586-020-2700-3



Which factors contribute to greater antibody 
responses?
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Klein et al. 2020 JCI doi: 10.1172/JCI142004 



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

Anti-S1 IgG AU
Anti-S IgG AUC (log10)
Anti-S-RBD IgG AUC (log10)
Neutralizing antibody AUC

Klein et al. 2020 JCI doi: 10.1172/JCI142004 



Being male and hospitalized are predictors 
of greater antibody responses

Klein et al. 2020 JCI doi: 10.1172/JCI142004 



Males shed more virus and for a 
longer duration of time than females
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