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Epidemiology
• More men develop myocarditis (75-80% M)
• Sex ratio 1:2-4 F:M
• Myocarditis occurs before age 50 in M and after 50 in F
• Peak myocarditis 16-20yrs M, median 35; F 55
• Sudden cardiac death at autopsy M>F 16-45
• More men hospitalized, more complications and death in F
• Cardiac biomarkers Tpn, creatine kinase, myoglobin, sST2, IL-6, IL-

17A higher in M
• In the last 10 years, the incidence of myocarditis increased, 

especially in males <50 years of age
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Greater inflammation & 
dilation in male mice

Myers JM, Fairweather D, Huber SA & Cunningham 
MW (2013) Curr. Protoc. Immunol. Ch15, Unit 15.14

Acute

Chronic
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Myocardial infiltrate primarily CD11b+

Frisancho-Kiss S, et al. (2007) Cutting Edge J Immunol 178: 6710-6714
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CD11b increased in male mice and men with myocarditis

Fairweather D, et al. (2014) J Cardiovasc Transl Res
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Sex Differences in the Immune Response in Myocarditis

≈ 1 in 5 Progress to DCM

≈ 5 of 5 Progress to DCM
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M1 Macrophage: TLR4+

80% of Infiltrate

Mast Cell: IgG+
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Peak Inflammation: Day 10pi Fibrosis leading to DCM: Day 35pi
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CVB3

Damaged Self

Di Florio et al., Redox Biol 2020
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Testosterone increases myocarditis
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Te increases TLR4/Casp1/IL-1β and fibrosis

Am J Physiol Heart Circ Physiol. 2012 Apr 15;302(8):H1726-36.
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Estradiol reduces myocarditis
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Summary Sex Differences Immune Response
• M increased TLR4, IL-1β (proinflammatory & profibrotic), IL-18 (increases 

IFNγ/Th1), “Th1”
• M increased complement pathways: CD11b, C3, C4, C3aR, C5aR
• M increased Mast cells and Macrophages (M1 & M2b-TLR4)
• M increased IL-6, TGFβ1, IL-23, IL-17A, Th17 (profibrotic)
• Th2 response (MCs, M2b, IL-4, IL-33) required for DCM
• Sex hormones (not chromosomes) drive effects
• F make the same response to virus as M, but they regulate it better
• F increased T, B, antibodies, CR1, Th2/M2a, Treg, IL-10, IC, TNF  (anti-

inflammatory and anti-fibrotic)
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Risk of death from viral myocarditis, COVID-19 
vs. COVID-19 vaccine
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Myocarditis after Covid-19 Vaccination 
• COVID-19: Risk ratio of myocarditis associated with COVID-19 estimated to be 18.28

• 2.5 million vaccinated from health care system in Israel
• Vaccine: Risk ratio from a large study from Israel was 3.24 

• Incidence of myocarditis 2.13/100,000 cases 42 days after the first dose of the Pfizer-
BioNTech mRNA vaccine

• 4.12/100,000 males all ages
• 0.23/100,000 females all ages
• 10.69/100,000 for males age 16-29

• 70% developed myocarditis after 2nd vaccine

• 80-100% presented with chest pain and elevated troponin

• 76% mild, 22% intermediate, 1 readmitted to hospital, 1 died
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Scully EP et al., Open Forum Infect 
Dis. 2021 Aug 31;8(9):ofab448.

Males w/ COVID 
same level of virus 
but increased 
inflammatory 
markers
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COVID immune response ‘same’ as CVB3 
myocarditis

• Elevated in COVID in males and during myocarditis in CVB3 animal model and 
myocarditis patients

• Complement
• CRP (not in mice)
• TNF
• IL-1β (TLR4)
• IL-18 (TLR4)
• IL-6
• IL-17/Th17
Males- monocytes/macrophages
Females- T cells
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Thank You & Questions!!

Email: Katelyn.Bruno@medicine.ufl.edu

Bruno Lab Members:
Lauren Parrow

Collaborators: 
DeLisa Fairweather, PhD 

Leslie Cooper, MD
Richard Kew, PhD

Bruno Lab Funding: 
NIH NIAID

DoD
University of Florida Gatorade Funds 
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