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Abstract

long after recovery from COVID-19.

We evaluated the peripheral blood immune responses of lymphocytes in severe Coronavirus disease 2019 (COVID-19)
patients in different stages of recovery using single-cell mass cytometry. The patients with prolonged hospitalization
did not show recovery of B lymphocyte counts and CD4-positive T lymphocyte counts but did show abundant CD8-
positive T lymphocytes. CD4 and CD8T cells expressing high levels of T-bet and Granzyme B were more abundant

in post-recovery patients. This study showed that cytotoxic Th1 and CD8 T cells are recruited to the peripheral blood
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Dear Editor,

The pandemic of coronavirus disease 2019 (COVID-19)
is a global public health emergency. Several studies have
reported a complex network of peripheral blood immune
responses in patients with COVID-19 [1]. However, very
little is known about immune cell alterations in critically
ill patients who have recovered from COVID-19.

We profiled the characteristic peripheral cellular pro-
files of patients with COVID-19 using single-cell mass
cytometry (cytometry by time-of-flight: CyTOF). Periph-
eral blood mononuclear cells (PBMCs) of six patients
who recovered from severe COVID-19, three of whom
were discharged (recovered patients: RP) and three who
required prolonged hospitalization (hospitalized patients:
HP) at the time of blood sampling, were compared with
those of healthy donors (HD) (Table 1). Patients’ blood
samples were collected about 3 months after admission.
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A 43-marker antibody panel was used for CyTOF stain-
ing of PBMCs, which were analyzed on a Helios mass
cytometer (Fluidigm Sciences Inc.). We identified seven
cell subsets and visualized the changes in the cell popula-
tions of all samples on a t-distributed Stochastic Neigh-
bor Embedding (t-SNE) map (Fig. 1A). For comparison
of the three groups, data were concatenated within a
group and the cell distribution was visualized on a t-SNE
map (Fig. 1B). The contour density of B lymphocytes
was lower in the HP group than that in the HD group,
whereas that in the RP group had recovered to the same
level as that in the HD group. CD4-positive T lympho-
cytes were fewer in the HP group, followed by the RP
group, whereas CD8-positive T lymphocytes were more
abundant in the RP and HP groups versus HD group.
Natural killer (NK) cells were more abundant in the HP
group, followed by the HD group, and were less frequent
in the RP group. The frequency of protein expression
inside and outside the cells of all samples is shown in the
histogram (Fig. 2A). The data for each group were con-
catenated (Fig. 2B). CD4 T cells showing high expression
of T-bet and Granzyme B were more abundant in the HP
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Fig. 1 Characterization of peripheral blood mononuclear cells (PBMCs) in patients with COVID-19 and healthy donors. A The PBMC samples of
all patients and the healthy donors were merged, and cell populations defined by the manual gating strategy were projected onto a t-SNE map
and assigned specific colors. B Patient data within each group were concatenated by group, and CyTOF staining data for the three groups from
CDA45 + cells were analyzed by t-SNE and plotted as density contour plots. B cells B lymphocytes, CD4 T cells CD4 T lymphocytes, CD8 T cells CD8 T
lymphocytes, D donor, HD healthy donors, HP hospitalized patients, MAIT mucosal-associated invariant T cells, NK natural killer cells, NKT natural killer
T cells, HP hospitalized patient, RP recovered patient, HD healthy donor, t-SNE t-distributed Stochastic Neighbor Embedding

group, followed by the RP group. The number of CD8 T
cells highly expressing T-bet and Granzyme B was also
higher in the HP and RP groups (Fig. 2C).

We have shown the peripheral blood immune
responses of lymphocytes and NK cells in severe COVID-
19 patients in different stages of recovery. It has been
reported that especially regarding B lymphocyte counts,
lymphopenia of patients with acute-phase COVID-19
recovers after polymerase chain reaction tests become
negative [2]. Our results suggest that long-term recovery
of B lymphocytes might be related to the severity of ill-
ness and the current stage of recovery. The NK cell pop-
ulation is reported to be greatly altered in patients with
acute COVID-19, with an expansion of the cytokine-pro-
ducing NK cells and a decrease in the cytolytic NK cells
responsible for innate immunity [3]. Although cytolytic
NK cells recovered with improvement of the disease, the
frequency of cytokine-producing NK cells remained ele-
vated in severe COVID-19. Elevated cytokine-producing
NK cells may lead to impaired NK cell cytotoxicity and
decreased regulation of cellular and humoral adaptive
immune responses [4].

T-bet is the master transcription factor of CD4 T
helper type 1 (Thl) cells and plays a major part in

protective immunity in cooperation with CD4, CD8 T
cells and natural killer T (NKT) cells [5]. Granzyme B is
mainly expressed on activated memory CD8 and mem-
ory CD4 T cells, NK cells and NKT cells during infection
and inflammation, and has important roles in promoting
removal of virus-infected cells by cytotoxic T cells and
in suppressing the host immune response [6]. There-
fore, the high expression of T-bet and Granzyme B in
CD4 and CD8 T cells indicates increased cytotoxicity
of lymphocytes. Previous reports showed that cytotox-
icity is enhanced in CD4 and CD8 T cells in the acute
phase of severe COVID-19, and the elevation in cyto-
toxic CD8 T cell counts persists after recovery [7, 8].
The present study also revealed that the persistence of
T cells highly expressing T-bet and Granzyme B in the
recovered COVID-19 patients might indicate prolonged
suppression of the immune response and an unrecov-
ered inflammatory process. Comparing the RP and HP
groups, although recovery of B lymphocytes was restored
in the RP group, the recruitment of cytotoxic T cells to
the peripheral blood persisted in both post-COVID-19
groups. This may suggest that the activation of cellu-
lar immunity is more prolonged than that of humoral
immunity in COVID-19, depending on the severity of
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Fig. 2 Expression of T-bet and Granzyme B on CD4 and CD8T cells in patients with COVID-19 and healthy donors. A Histograms showing relative
changes in expression intensities of the indicated markers on CD4 and CD8T cells from the PBMCs of the patients and healthy donors. The color
bar legend indicates differences in marker expression levels: yellow (increased) or black (decreased). B t-SNE projections of CD4 and CD8 T cells
from the HP, RP and HD groups generated by concatenating patient data within each group for the indicated cell markers. C Violin plots showing
the percentage of cells expressing the indicated markers in the three groups. The plots show the distribution of sample values. CD4 T cells CD4 T
lymphocytes, CD8 T cells CD8 T lymphocytes, Grz B granzyme B, HD healthy donor, HP hospitalized patient, PMBCs peripheral blood mononuclear

cells, RP recovered patient, tSNE t-distributed Stochastic Neighbor Embedding

the illness and the stage of recovery. These results suggest
that restoration of immune homeostasis after COVID-19
may require a long time and that complications, such as
secondary infections during the recovery process need
to be addressed. Thus, the prolonged cytotoxicity of
lymphocytes after recovery from COVID-19 may have
implications for elucidation of the long-term changes in
immune responses after COVID-19.
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