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Enrichment of
CCR6+CD8+ T cells
and CCL20 in the
lungs of mechanically
ventilated patients
with COVID-19

In COVID-19, a dysregulated immune
response amplifies tissue and organ dam-
age [1]. T cells, key antiviral effector cells
and orchestrators of the immune response,
appear strongly affected in patients that
develop severe disease, with signs of apop-
tosis and exhaustion [1], but our knowl-
edge remains limited regarding the impact
of COVID-19 on T cells in the lungs. In
a proportion of critically ill patients with
COVID-19, T cells are activated in blood
but not in bronchoalveolar lavage fluid
(BALF) [2], which may indicate a fail-
ure to migrate to the lungs. We hypoth-
esized that T cells from patients hospi-
talized with severe COVID-19, particularly
those admitted to the intensive care unit
(ICU), have a disturbed expression pattern
of chemokine receptors that hampers the
migration of relevant effector T cells from
the blood to the lungs.

To test our hypothesis, we measured
chemokine levels and chemokine recep-
tor expression in blood samples from 22
COVID-19 patients admitted to the ward,
and in paired blood and BALF samples of
nine COVID-19 patients mechanically ven-
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tilated in the ICU (see Supporting Infor-
mation for methods and gating strategy).
Ward patients had a median age of 62.5
(range 46–93) years, 12 of 22 were male,
and samples were taken at a median of
3 (range 1–15) days after admission. ICU
patients had a median age of 71 (range
49–74) years, were all male, and samples
were taken at a median of 27 (range 20–
43) days after hospital admission. Around
time of sampling, ward patients had a
median Modified Early Warning Score of
2 (range 1–8); ICU patients had a median
SOFA of 8 (range 5–11).

Most patients had low absolute T-cell
counts at time of sampling, with no dif-
ference between groups (Fig. 1A). In ICU
patients, the proportion of CD8+ T cells
was higher in BALF compared with blood,
while in most patients the percentage of
CD4+ T cells was lower in BALF, suggest-
ing a preferential CD8+ T-cell migration
to the lung (Fig. 1B). Mucosa-associated
invariant T (MAIT) cells were recently
reported to be decreased in blood during
critical COVID-19, but increased in endo-
tracheal aspirates [3]. Consistently, if suf-
ficient MAIT events could be analyzed in
BALF (three out of nine cases), propor-
tions of MAITs in BALF were higher as
compared to blood (Fig. 1B).

Several studies have reported increased
PD-1 expression (programmed death 1) in
severe COVID-19, which may indicate T-
cell exhaustion [1] or reflect recent acti-
vation of antigen-specific polyfunctional
T cells [4]. In line with previous reports
[3], PD-1 expression was much higher on
T cells in BALF as compared with blood
(Fig. 1C).

Little is known about T helper (Th)-
subset distribution in COVID-19, but ex
vivo stimulation of T cells predomi-

nantly results in production of Th1-type
cytokines, despite a tendency toward
lower expression of CXCR3 and Th1-
related transcription factor T-bet [5].
Th1 cells are predominantly involved in
defense against viruses and key in mount-
ing an adequate cytotoxic CD8+ response.
Interestingly, we show a lower proportion
of circulating Th1 cells (CXCR3+CCR4-
CCR6-) in ICU patients when compared
with ward patients, and in eight out of
nine patients an even lower proportion in
BALF (Fig. 1D). The low number of Th1
cells may be caused by apoptosis, migra-
tion out of the circulation (e.g., to lym-
phoid organs or other affected organs), or
a failure to mount a Th1 response in ICU
patients during the course of the disease.

To uncover which chemokine receptors
are involved in T-cell migration to the
lungs during COVID-19, we analyzed the
overall expression patterns of CXCR3,
CCR4, and CCR6, and the levels of their
respective ligands. CXCR3 and its lig-
ands CXCL9, CXCL10, and CXCL11 are
induced by IFN-driven local inflamma-
tion [6]. The proportion of CD8 T cells
expressing CXCR3—considered important
in the response against viral pathogens
[6]—tended to be higher in blood of
ICU patients than ward patients, but was
significantly reduced in BALF (Fig. 2A),
despite higher levels of CXCL11 (Fig. 2B).
Although CXCR3 expression can be down-
regulated due to ligand interaction, our
CXCR3+ gate includes cells up to a 75%
downregulation (Supporting Information
Fig. S1). The apparent failure to recruit
CXCR3+ CD8+ T cells to the lungs could
result from high peripheral levels of
CXCL9 and CXCL10 (Fig. 2B) and may
point toward an overactive peripheral IFN
response.
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Figure 1. High PD-1 expression and defective Th-1 skewing of T cells inmechanically ventilated COVID-19 patients. Absolute T-cell counts (median
± interquartile range) were determined in blood of COVID-19 patients that were admitted to either the ward (n = 22) or the ICU (n = 9), with dotted
line representing normal/reference counts (A). Proportions of CD4+, CD8+ and mucosa-associated invariant T (MAIT) cells (B), PD-1 expression on
these cells (C), as well as T-helper subsets (D); Th1 cells (CXCR3+CCR4-CCR6-), Th2 cells (CXCR3-CCR4+CCR6-), Th17 cells (CXCR3-CCR4+CCR6+), and
Th1/Th17 cells (CXCR3+CCR4-CCR6+) were determined in blood or paired BALF using flow cytometry (gating strategy presented in the Supporting
Information). Horizontal lines indicate medians. Differences were tested using Wilcoxon rank-sum test (blood ward vs. blood ICU) or Wilcoxon
signed-rank test (blood vs. BALF). *p < 0.05, **p < 0.01. Data were collected from consecutive enrolled patients with 1–4 patients per experiment.

When compared with ward patients,
CCR4 expression was higher on circulat-
ing T cells from ICU patients. CCR4 pref-
erentially drives migration to the skin, and
CCR4+ CD8+ T cells have been reported
to express neither granzymes nor per-
forin [7]—both crucial cytotoxic effec-

tor molecules—rendering them unlikely to
combat SARS-CoV-2 effectively. The pro-
portion of CCR4+ T cells was lower in
BALF than in blood, while levels of CCL17
and CCL22 in BALF were similar to blood
samples, suggesting that CCR4 is not asso-
ciated with CD4+ or CD8+ T cell migration

to the lungs during prolonged mechani-
cal ventilation in patients with COVID-19
(Fig. 2C and D).

In contrast to CXCR3 and CCR4, the
expression of CCR6 on CD8+ T cells was
significantly elevated in BALF when com-
pared with blood (Fig. 2E), corroborated
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Figure 2. CCR6+ CD8 T cells enriched in BALF of mechanically ventilated COVID-19 patients. Chemokine receptor expression (CXCR3 (A), CCR4 (C),
CCR6 (E)) on T cells, and levels of chemokines that bind these receptors (ligands of CXCR3 (B), ligands of CCR4 (D), ligands of CCR6 (F)) in patients
with COVID-19 admitted to the ward (n = 22) or ICU (n = 9) were determined using flow cytometry or Luminex, respectively. Horizontal lines indicate
medians. Differences were tested using Wilcoxon rank-sum test (blood ward vs. blood ICU) or Wilcoxon-signed rank test (blood vs. BALF). *p < 0.05,
**p < 0.01, ***p < 0.001. Data were collected from consecutive enrolled patients with 1–4 patients per experiment.

by increased levels of CCL20 (Fig. 2F).
It was recently suggested that produc-
tion of CCL20 by SARS-CoV-2-infected
alveolar macrophages or inflammatory
macrophages drives T-cell recruitment to
the lungs and thereby plays a part in sus-
tained alveolar inflammation [8]. In blood
of ward patients, PD-1 expression was
higher on CCR6+ CD8+ T cells when com-
pared with CXCR3+ CD8+ T cells, which
suggests increased activation of the for-
mer subset in blood (Supporting Informa-
tion Fig. S2). In contrast, PD-1 expres-

sion was higher on CXCR3+ CD4+ T
cells when compared with CCR6+ CD4+

T cells. Functional studies have shown
that CCR6+ CD8+ T cells have charac-
teristics of inflammatory effector memory
T cells that lack granzyme B expression
[9]. Granzyme B, however, is important
for both killing of virus-infected cells and
inhibiting viral protein production [10],
thus we speculate that CCR6+ CD8+ T
cells may be less effective in viral clearance
but rather may contribute to detrimental
local inflammation.

In conclusion, we describe differential
expression patterns of chemokine recep-
tors and their corresponding ligands—
between the lungs and blood of mechan-
ically ventilated patients with COVID-19
in the ICU, and between patients of dif-
fering disease severity (ward vs. ICU).
Reduced Th1 cells in blood and BALF
of mechanically ventilated patients, com-
bined with an enrichment of CCR6+ but
not CXCR3+ CD8+ T cells in the lungs of
mechanically ventilated patients, suggests
a failed or ineffective cytotoxic antiviral
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response. A limitation of our study is the
gender distribution and the difference in
time of sampling between ICU and ward
patients. A sensitivity analysis including
only male patients, however, did not affect
any of the reported associations. Further-
more, we could not compare our data to
chemokine receptor expression in lungs
under noninfectious circumstances. Future
functional studies can help elucidating the
mechanisms of cellular migration during
COVID-19 and what role ineffective or
inappropriate T-cell responses play in the
prolongation of critical illness.
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