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Unraveling the Immune Response in Severe COVID-19

Lucie Rodriguez” - Petter Brodin'?

®

Check for
updates

Received: 15 August 2020 / Accepted: 18 August 2020 / Published online: 22 August 2020

© Springer Science+Business Media, LLC, part of Springer Nature 2020

An outbreak of coronavirus disease 2019 (COVID-19)
emerged in China’s Hubei province and spread rapidly across
the globe leading to millions of cases worldwide. The causa-
tive agent, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), a novel enveloped RNA-virus of the family
of beta-coronavirus, was quickly identified and sequences dis-
tributed, initiating a race to develop vaccines and therapeutics
that is unprecedented in history. A striking feature of the
COVID-19 disease is the wide range of disease severity across
different infected individuals. The SARS-CoV-2 infection is
almost exclusively mild in children [1], while older individ-
uals, as well as those with specific preexisting illnesses, are
more likely to develop severe disease and require intensive
care [2]. One exception from this general rule is the
postinfectious condition termed multisystem inflammatory
syndrome (MIS-C) affecting children with COVID-19, a
life-threatening syndrome developing 2—-6 weeks after the
acute SARS-CoV-2 infection [3]. The immunology of this
condition is currently under intense investigation [4].
Overall, there is an urgent need to better understand the deter-
minants of this difference in COVID-19 disease presentation,
the underlying genetic and functional differences between
mild and severe disease patients [5], and ideally also identifi-
cation of useful biomarkers that can be used to monitor disease
progression and distinguish productive from deleterious im-
mune responses.

SARS-CoV-2 infection and the immune response to the
virus can be divided into two phases. In the first phase, the
virus replicates in the respiratory epithelium and alveoli and
the principal antiviral response mechanism is the type-I IFN
response aimed at limiting viral replication. If this is
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insufficient at limiting the infection, there is a second phase
in patients with more severe disease course, in which cell
death and local inflammation triggers the induction of addi-
tional cytokines and chemokines that draw additional immune
cells into the lung. At the same time, danger signals and
alarmins like HMGBI1 are released and possibly trigger a
self-enhancing inflammatory response giving rise to acute re-
spiratory distress syndrome (ARDS) and clinical deteriora-
tion. There has been much discussion around the specifics of
this second phase dysregulated immune response in severe
COVID-19 but the actual data remain scarce [6]. We know
that lymphopenia is a hallmark of severe disease and the de-
gree of lymphopenia, and neutrophil-to-lymphocyte ratio cor-
relates with disease severity [7]. The same is true for plasma
levels of lactate dehydrogenase, a marker of inflammasome
activation and pyroptosis [8] which correlate with disease
severity.

In this issue of the Journal of Clinical Immunology, four
papers add substantial additional information to our current
understanding of the immune response and immunopathology
in severe COVID-19. Mahmoudi et al. review this rapidly
evolving field with a particular focus on the role of exhausted
effector T cells and NK-cells, as well as impaired regulatory T
cell populations in severe COVID-19 and the cytokine storm
associated with this condition.

Given the dynamic nature of immune responses to infec-
tions and particularly when studying samples from human
patients with an unknown time from initial viral exposure,
longitudinal monitoring is critical in order to reveal the coor-
dinated changes and sequences of events. Several recent stud-
ies have reported longitudinal monitoring of patients with
COVID-19 [9-11] with up to 14 longitudinal samples collect-
ed from individual patients [11]. Adding to these studies in the
current issue, Moratto et al. report dynamic changes in im-
mune cell composition over time in 36 patients with
COVID-19 in Brescia, Italy, a city severely affected by the
pandemic during the spring of 2020. The authors performed
detailed flow cytometry analyses in these patents. Eight pa-
tients had moderate disease, 28 had severe COVID-19, and 22
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of these recovered, while 6 of the severe cases died.
Remarkably, Moratto et al. find that immune cell subsets dif-
fer among these groups already at first admission, suggesting
different disease trajectories manifested early after admission,
in some cases before disease severity is evident from the clin-
ical evaluation. The differences involve the severity of lym-
phopenia but also specific reductions in gdT-cell counts and a
skewing of abT-cells towards more exhausted phenotypes.
These interesting observations corroborate previous studies
and also add some novel aspects of the immune dysregulation
and immunopathology in adults with critical COVID-19. The
data also indicate the potential of these immune system mea-
surements to be predictive of disease severity in individual
patients.

Along the same lines, Luo et al. report in this same issue a
large study of 739 COVID-19 patients treated at Tongjio
Hospital, Wuhan, China. These authors used lymphocyte sub-
set analyses, plasma cytokine levels to train a predictive model
with both sensitivity and specificity at 90%, although the test-
ing of the model in an unrelated cohort remains to be done.
Together, these reports indicate that prediction of disease tra-
jectory might be possible early upon admission to hospital,
which will be incredibly valuable in any healthcare system
struggling to prioritize limited resources to the patients with
the greatest need.

In human immunology, detailed analyses of individual pa-
tients with unique clinical presentation have proven incredibly
informative and driven much of the characterization of the ~
400 primary immunodeficiency disorders known to date [12].
Bouadma et al. report in this issue a careful examination of the
immune response in a single patient who succumbed to
COVID-19, and this analysis corroborates several of the im-
mune features discussed above from population studies. For
example, this patient had a skewing of T cell subsets towards
exhausted abT-cells, as well as a remarkable expansion of
gdT-cells during deterioration, while monocytes largely dis-
appeared from circulation, supposedly due to redistribution
and homing to the lung during ARDS.

In their unique way, each of these new papers adds addi-
tional layers to our understanding of the immune response and
dynamical changes in severe COVID-19. They highlight the
power and potential of longitudinal and systems-level ana-
lyzes in human immunology in order to reveal co-regulated
cells and proteins over time[13] and ideally even predict out-
come in individual patients opening up for more personalized
management of COVID-19 patients in the future.
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