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" Check for updates

Several panels of naturally arising antibodies
against specific chemokines are closely
correlated with various favorable COVID-19

outcomes, raising an opportunity to target the
chemokine system for long COVID treatment.

Chemokines are a large family of small cell signaling proteins, which,
in conjunction with their cell surface G protein-coupled heptaheli-
cal chemokine receptors, are essential for virus control through the
recruitment ofimmune cell subsets to the infection site. Chemokines
are directly involved in the acute phase of SARS-CoV-2 infection?.
Naturally arising antibodies against cytokines and immune-effector
molecules have been described to be associated with adverse outcomes
in COVID-19 (ref. ). In the current issue of Nature Immunology, Muri
etal.* characterize the kinetics of 43 chemokine autoantibodies at the
acute and convalescence phases of COVID-19 (ref. *), and report that
chemokine-directed antibodies may be protective against collateral

inflammatory damage in COVID-19.
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Murietal.* designed a peptide-based strategy to measure the anti-
bodies against the N-loop of the 43 human chemokines. The authors
firstidentified a‘COVID-19 signature’ (autoantibodies to CXCL17, CCL19
and CCL22; Fig.1) inacohort of 71 people followed for 6 months after
SARS-CoV-2 infection and 23 uninfected participants as control (the
Lugano cohort). More than half (23/43) of the chemokine autoantibod-
ies in post-SARS-CoV-2-infected people were significantly different
from those of healthy controls. This ‘COVID-19 signature’ achieved a
high accuracy in distinguishing post-SARS-CoV-2-infected individu-
als at 6 months after disease onset from healthy controls (96.8%),
which was validated in two additional cohorts — the Milan cohort
(89.5% accuracy at 7months) and the Zurich cohort (92.9% accuracy at
13 months). In addition, the ‘COVID-19 signature’ assigned individuals
toacute COVID-19 or healthy control groups with anaccuracy of 90.5%
in the Milan cohort. CXCL17 is generally produced by macrophages,
dendritic cellsand monocytes in the lungs, and potentially promotes
the mobilization of cytotoxic T cells through the CXCL17-CXCR8 axis.
CCL22 is mainly secreted by dendritic cells and macrophages and
modulates regulatory T cell migration through CCL22-CCR4 signaling.
CCL19is mainly expressed on dendritic cells and has a vital role in the
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Fig.1|Distinct chemokine autoantibodies correlate with SARS-CoV-2
infection, favorable disease outcomes and lack oflong COVID. Muri et al.*
show that chemokine autoantibodies are widespread after SARS-CoV-2
infection. The ‘COVID-19 signature’ (autoantibodies to CXCL17, CCL19 and
CCL22; left panel) is elevated in SARS-CoV-2-infected individuals compared
with thatin uninfected controls, and might block the migration of T cells,
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B cells and dendritic cells (DCs) into the tissue. The ‘hospitalization signature’
(autoantibodies to CXCLS5, CXCL8 and CCL25; middle panel) is foundin
outpatients, and might block the migration of neutrophils, monocytes, DCs and
Tcellsinto the tissue. The ‘long COVID signature’ (autoantibodies to CXCL13,
CXCL16 and CCL21; right panel) is higher in people without long COVID, and
mightblock the migration of T cells, B cells and DCs into the tissue.
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trafficking of T cells and B cells to the secondary lymphoid organs. As
such, the COVID-19 signature-related chemokines areimportant effec-
tor moleculesin priming the innate and adaptiveimmune responsesto
exertanti-viral functions during the acute phase of COVID-19.

Muri et al.* also performed a stratified analysis according to the
disease severity of acute COVID-19. They found that the chemokine
autoantibody signatures that distinguish post-COVID-19-infected
individuals from healthy controls are significantly different from
those associated with disease severity. A ‘hospitalization signature’
(autoantibodies to CXCL5, CXCL8 and CCL25; Fig. 1) was higher in
outpatients than in individuals who required hospitalization. This
signature can correctly distinguish hospitalized and outpatient indi-
viduals at 6 months with anaccuracy of 77.5%. Similar accuracies were
observedintheacute phasein the Milan cohort (85.0%), at 7monthsin
the Milan cohort (84.1%) and at 13 monthsin the Zurich cohort (73.1%).
Inaddition to these three chemokine autoantibodies, outpatients had
asignificantly higher magnitude of cumulative chemokine autoreac-
tivity than thatin hospitalized individuals at 6 months post-COVID-19.
CXCLS and CXCL8 mainly recruitimmune-suppressive myeloid cells
to the site of infection through their receptors CXCR1 and CXCR2
(ref.”). CCL25is believed to regulate inflammatory processes such as
T cell homing and chronic tissue inflammation by binding to CCRO.
To some extent, the increased amount of autoantibodies to CXCLS,
CXCL8 and CCL25 indicated that the blockade of these chemokines
during SARS-CoV-2 infection may repress excessive inflammation
and protect the lung.

Importantly, Muri et al.* also identified a ‘long COVID signature’
(Fig. 1). Of all participants, 65.1% reported the persistence of at least
one symptom related to COVID-19. The syndrome is often referred
to as post-acute sequelae of SARS-CoV-2 infection, long COVID or
post-COVID-19 condition®. The underlying biological mechanisms of
long COVID are still poorly understood, possibly linked to immune dys-
regulation, autoimmunity and viral persistence®. Muri et al.* reported
thatautoantibodies to three chemokine (CXCL13, CXCL16 and CCL21),
which constituted the ‘long COVID signature’, were significantly accu-
mulated in post-COVID-19-infected individuals without long COVID
(Fig. 1). The presence of these autoantibodies potentially predicted
the absence of persistent symptoms with 77.8% accuracy, which indi-
cates a protective role against collateral inflammatory damage during
COVID-19. Validation of the ‘long COVID signature’ was also performed
in the Zurich cohort with an accuracy of 72.1%. Although it is unclear
how these chemokine autoantibodies contribute to recovery without
long COVID, functional roles for these chemokines have been reported.
CCL21, CXCL13 and CXCL16 mediate the transport and activation of
T and B lymphocytes between the tissue and the peripheral blood.
Large numbers of virus-specific T cells were reported to be associ-
ated withincreased systemicinflammation and decreased pulmonary
function in patients with long COVID’. SARS-CoV-2-specific memory
B cells were also found to be increased in the bronchoalveolar lavage
fluid of individuals post-COVID-19 infection compared with those in
non-infected healthy controls®. Muri et al.* further validated that the
monoclonal antibodies binding to the N-loop of CXCL13, CXCL16,
CCL8and CCL20 from asubset of post-COVID-19-infected individuals
could inhibit immune cell migration. These studies thus suggest that
blocking the chemokines that are involved in lymphocyte-sustaining
activation might be a therapeutic target against long COVID through
antagonizing specific chemokines on their N-loop.

Muri et al.* also tested if chemokine autoantibodies can be
detected in people with HIV, three autoimmune diseases (ankylosing

spondylitis, rheumatoid arthritis and Sjogren syndrome) and Lyme
disease. The disease-specific patterns of chemokine autoantibodies
could distinguish COVID-19 from other infections and autoimmune
diseases. For instance, HIV-1infection did not induce a significant
increase in autoantibodies to CXCL17 or CCL19 (the ‘COVID-19 signa-
ture’). The presence of the disease-specific chemokine autoantibody
patterns highlightsits unique rolein the pathogenesis and the therapy
of various diseases. Future studies are needed to investigate whether
such kinetics of chemokine autoantibody profiles are also observed
in other viral infections.

Consistently, the levels of several chemokines have been demon-
strated to be abnormally elevated in COVID-19 and to be associated
with poor outcomes, including respiratory failure, intensive care unit,
mortality and long-term persistent impairment®®. Muri et al.* found
that the presence of various chemokine autoantibody signatures is
associated with disease-specific responses, better disease outcomes of
COVID-19 and the lack of long COVID (Fig.1). These findings indicated
that chemokine autoantibodies are potentially protective in a subset
of patients with COVID-19, for they inhibitimmune cell migration. This
provides new insights for future COVID-19 studies about chemokine
autoantibodies, especially in risk prediction, immune pathogenesis
and targeted therapies.

First,itwillbe ofimportancetovalidate the presence of chemokine
autoantibody patternsinalarger population, although the authors
have validated their observationin two additional cohorts. Longitu-
dinal follow-up of cohorts should be conducted to explore whether
the elevation of chemokine autoantibodies that are associated with
the absence oflong COVID are already presentin the acute phase or
the early recovery stages and to further study their predictive value.
In addition, it is not clear whether various patterns of chemokine
autoantibodies can be defined in patients with long COVID with
different organ-specific symptoms (for example, respiratory symp-
toms versus neurological symptoms), given the heterogeneity of
symptoms, and even in long-term sequelae caused by other viral
infections.

Second, it remains to be determined what drives the eleva-
tion of these autoantibodies in patients with favorable outcomes.
A simple model would be that chemokines proportionally induce
autoantibodies, but such a correlation was not found by Muri et al*.
This may be partly owing to different sampling times and the
variable half-lives for the chemokines and the autoantibodies
in plasma. It will be important to determine whether the level of
chemokine autoantibodies in the blood correlates with the amount
of chemokines in the tissues. In autoimmune diseases, chemokines
at autoimmune sites could cause the breakthrough of B cell toler-
ance to generate autoantibodies against the dominant chemokine
at these sites’. A subset of patients with COVID-19 and individuals
withlong COVID can present inflammation- and autoimmune-related
symptoms'®. However, the chemokine autoantibody signature in
COVID-19 is different from that in the autoimmune diseases that
authors have investigated here. Future studies should elaborately
investigate the mechanisms underlying the elevated chemokine
autoantibodies in individuals post-COVID-19 infection without
long COVID.

Third, given that the chemokine autoantibodies associated with
long COVID areinvolved in sustaining lymphocyte recruitment, under-
standing the kinetics of these lymphocytes could help to clarify the
mechanisms underlying the various COVID-19 outcomes. Research
in the dynamics of antibody-producing cells and T cells through
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single-cell transcriptomic analysis might lead to better understanding
of these complex regulatory mechanisms®. Considering that naturally
arising chemokine autoantibodies associated with COVID-19 may be
beneficial in regulating inflammatory responses, the development
of targeted therapies to the chemokine system will be critical in the
treatment of long COVID.
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	Fig. 1 Distinct chemokine autoantibodies correlate with SARS-CoV-2 infection, favorable disease outcomes and lack of long COVID.




