
https://orcid.org/0000-0003-0518-2512
https://orcid.org/0000-0003-0518-2512
https://orcid.org/0000-0003-0518-2512
https://orcid.org/0000-0002-6272-4085
https://orcid.org/0000-0002-6272-4085
https://orcid.org/0000-0002-6272-4085
mailto:
mailto:
https://flowrepository.org/experiments/2713
https://flowrepository.org/experiments/2713
www.wileyonlinelibrary.com/journal/cti


https://flowrepository.org/experiments/2713
https://flowrepository.org/experiments/2713






demonstrated no significant changes, with only a
trend towards increased TCM and decreased TEM
being present in severe COVID-19 patients, with
mild-to-moderate patients intermediate in
number between healthy and severe COVID-19
patients (Figure 2c). Global phenotypic analysis,
by contrast, found the cellular phenotype of
conventional CD4+ T cells to be more similar
between healthy individuals and severe COVID-19
patients (Figure 2d). At an individual level, the
cellular phenotypes of healthy, mild-to-moderate
COVID-19 and severe COVID-19 samples were
intermingled (Figure 2e and f). These data do not
support a peripheral CD4 T-cell hyper-activation
model of COVID-19.

Using the same approach, we investigated the
phenotype of FOXP3+ regulatory T cells. Clustering
based on expression markers identified 13
regulatory T-cell subsets with biologically distinct
characteristics: na€ıve CTLA-4�, na€ıve CTLA-4+, TEM,
TEM CTLA-4+, TCM, TCM CTLA-4+, IL-2 producing
CTLA-4+, IL-10-producing, TNFa-producing CTLA-
4+, TNFa-producing CTLA-4�, IFNc-producing
CTLA-4�, IFNc-producing CTLA-4+ and HLA-DR+

cells (Figure 3a and b, Supplementary figure 3a
and b). Quantification of these subsets across
healthy volunteers and COVID-19 patients
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based biomarker for cases progressing to more
severe lung damage. A more intriguing possibility
is that individuals with higher IL-10-producing
regulatory T cells exhibit defective adaptive
immunity. IL-10+ regulatory T cells are
symptomatic of many unresolved viral infections
and are associated with long-term persistence. In
respiratory infections, IL-10 potently suppresses
anti-viral responses44,50 and weakens the immune
reaction to superinfection with bacteria.51,52 Since
secondary infection leading to pneumonia is a
major cause of death in influenza, and perhaps
for some COVID-19 patients as well,53–55 excessive
IL-10 production by regulatory T cells may be a
key factor in COVID-19 outcomes. In principle, this
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