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UNDERSTANDING THE DISEASE

Pulmonary immune responses 
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Although our knowledge of the pulmonary immune 
response in patients with SARS-CoV-2 infection is still 
limited, intensivists will be offered to prescribe immu-
nomodulatory interventions in patients with severe 
COVID-19 disease admitted to the ICU. Controlling the 
lung inflammatory response may be as important as tar-
geting the virus, but the optimal timing and immune tar-
gets have not been clearly defined. Here, we summarize 
and discuss current knowledge on pulmonary immune 
responses against SARS-CoV-2 infection and its implica-
tion for decision-making processes at the ICU.

The SARS‑CoV‑2 virus replicates in human airways 
but evades lung innate immune response
COVID-19 autopsied lung studies (n = 4 patients) showed 
that ciliated cells of the proximal airway epithelium and 
alveolar cells (type I and II pneumocytes) were infected, 
but not goblet cells and submucosal glands [1]. The iso-
lation of SARS-CoV-2 virus enabled experimental infec-
tions of human lung tissue, showing that SARS-CoV-2 
replicates better than other coronaviruses, with a peak of 
viral replication reached in 48–72 h [2, 3]. Viral entry and 
cell infection trigger the host’s immune response. How-
ever, immune evasion strategies are suspected by SARS-
CoV-2 to alter host mucosal defenses. SARS-CoV-2 was 
capable of replicating in the human lungs while activating 
low levels of antiviral IFN (type I and III) and pro-inflam-
matory cytokines [2, 3]. How SARS-CoV-2 virus subverts 
the first line of lung innate immunity is still an unan-
swered question, but coronaviruses are known for their 
ability to subvert innate immune response, including 

viral RNA sensing and signaling pathways involved in 
IFN secretion (reviewed in [4]). The limited activation of 
the innate immune response during the early phases of 
SARS-CoV-2 infection may facilitate its replication, but 
also explain the delayed clinical symptoms observed in 
most COVID-19 patients. This early, delayed immune 
activation may be followed in patients with severe dis-
ease by an imbalanced and overwhelming inflammatory 
response causing tissue injury and respiratory dysfunc-
tion (Fig. 1).

The inflammatory response is mostly 
compartmentalized into the lung tissues (and is 
not a systemic cytokine storm)
Immune responses with high levels of pro-inflamma-
tory cytokines were described in the plasma of these 
patients, some of these cytokines being associated with 
the disease severity and progression [5]. This systemic 
inflammatory response was described as a “cytokine 
storm”, but it is questionable whether this term is appro-
priate for the COVID-19 as mean circulating IL-6 lev-
els often not exceeding 30 pg/mL [5–7]. In contrast, (i) 
an earlier report on human influenza infection showed 
mean IL-6 levels around 200 pg/mL [8]; (ii) a “cytokine 
storm” reported in a phase 1 trial (critically ill healthy 
volunteers after receiving anti-CD28 monoclonal anti-
body) was associated with more than 3000  pg/mL of 
IL-6 [9]. Therefore, the systemic IL-6 levels reported 
in many studies in critically ill COVID-19 patients are 
markedly lower than those that could be anticipated 
in case of a genuine “cytokine storm”. In line with this 
view, most critically ill COVID-19 patients presented 
initially with isolated lung failure and not as in sepsis 
with multi-organ failure [10]. This clinical observa-
tion would, therefore, rather point to a local dysregu-
lated inflammatory response that is largely restricted 
to the lungs. Consistently, comparative assessment 
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of inflammatory mediators in the serum and respira-
tory fluids of the same patients (n = 30) demonstrated 

100- to 1000-fold higher concentrations of IL-1β and 
IL-6 in the lung compartment [11].

Fig. 1 Proposed model of host–pathogen interactions in the lungs of COVID‑19 patients. SARS‑CoV‑2 virus is thought to initially infect the upper 
airways and reach the periphery of the lungs by microaspiration [1]. In those patients in which the virus has ended up infecting the peripheral lung, 
the majority of patients will likely clear the virus and have a limited inflammatory response with mild clinical disease (upper panels). However, insuf‑
ficiently controlled SARS‑CoV‑2 replication due to suppression of antiviral defenses by the virus as well as to host susceptibility factors subsequently 
leads to a dysregulated inflammatory response which is probably mostly restricted to the lungs (lower panels). Clinical manifestations of COVID‑19 
are assumed to be explained by a combination of uncontrolled immune responses and virus‑induced direct cytopathic effects (central, upper, and 
lower panels). Thus, immunotherapies should be considered with caution, if not given at the appropriate step of the disease as on one hand, they 
may efficiently target the host deleterious inflammatory response, but on the other hand, they may as well promote SARS‑CoV‑2 virus multiplica‑
tion by inhibiting the host antiviral immune shield, thereby delaying virus clearance (left, upper, and lower panels)



Lung hyperinflammation is characterized 
by infiltration of inflammatory monocyte‑derived 
macrophages
To further decipher the dysregulated inflammatory 
response in the lungs of COVID-19 patients, single-cell 
RNA sequencing was performed in bronchoalveolar lav-
age fluids from COVID-19 patients (n = 3 severe patients, 
n = 3 mild patients, and n = 8 healthy controls). This anal-
ysis revealed a dysregulated balance of lung macrophage 
populations with a drastic increase in monocyte-derived 
macrophages [12]. Monocyte-derived macrophages were 
found to be activated and displayed pro-inflammatory 
phenotypes, such as enhanced transcription of STAT1, 
STAT2, and multiple IFN regulatory factors [12]. In line 
with this, a similar macrophage subtype was reported 
in lungs of euthanized non-human primates obtained at 
7  days post-SARS-CoV-2 infection [13]. Previous stud-
ies examined the link between recruited inflamma-
tory monocyte–macrophages and SARS-CoV-induced 
lung immunopathology [14]. Depletion of monocyte–
macrophages in SARS-CoV-infected mice resulted in 
increased survival, which is in line with a critical role for 
monocyte–macrophages in SARS-CoV-induced severe 
lung injury. Finally, post-mortem biopsies collected from 
COVID-19 patients confirmed the lung hyperinflamma-
tion with diffuse alveolar damage. Acute fibrinous and 
organizing pneumonitis (AFOP) was also a dominant 
histologic finding (series of six and ten patients) [15, 16]. 
Since AFOP has been reported to be sensitive to corti-
costeroid treatment, this raises the question of a benefi-
cial use of corticosteroids.

The T lymphocyte immune response is altered 
in COVID‑19 patients
Because nearly 85% of critically ill patients with 
COVID-19 showed peripheral blood lymphopenia, 
lymphocyte immunophenotyping had rapidly emerged 
as a scientific priority. Preliminary flow cytometry 
assessment of blood immune cells demonstrated a 
reduction in absolute numbers of total T lympho-
cytes (CD4+ , CD8+ , and regulatory T cells) [17, 18]. 
To explain the low lymphocyte counts observed in 
the COVID-19 patients, three main mechanisms are 
proposed: (i) direct lymphocyte destruction by SARS-
CoV-2 [19], (ii) host-mediated lymphopenia [20], and 
(iii) lymphocyte recruitment to lung tissue. A limita-
tion of those studies is that they focused essentially on 
conventional T cells, whereas information on other T 
cells subsets in COVID-19 patients is barely available. 
Yet, the so-called innate T cells constitute an abundant 
component of the lung immune system and are con-
sidered potent immune orchestrators at barrier sites. 
We have recently reported a profound and persistent 

dysfunction of innate T cells in blood of critically ill 
COVID-19 patients and reported an unexpected infil-
tration and activation of these cells in the airways of 
these patients [11].

In conclusion, in the absence of effective antiviral 
treatments, there is so far only one mechanism that effi-
ciently eradicates the SARS-CoV-2 from the host: its own 
immune response. Indeed, the large majority of patients 
recover without any curative treatment. A number of 
studies have explored strategies to dampen inflammatory 
responses, but the inflammatory response in viral pneu-
monia can be a double-edged sword (Fig.  1). Moreover, 
although elevated systemic levels of IL-6 or IL-1β were 
found to be indicators of poor outcome in patients with 
severe COVID-19 with pneumonia, little is known about 
the local immune and inflammatory responses in lung 
tissue and their role in COVID-19 pneumonia. Inflam-
matory features that we are identifying so far in the sys-
temic compartment could be either the tip of the iceberg 
or provide an inaccurate view of local inflammation in 
the lung compartment. There is an urgent need to under-
stand the host–SARS-CoV-2 interaction within the lung 
tissue per se and to identify potential auto-amplification 
of inflammatory loops or other immunopathological pro-
cess. Such knowledge is essential for informed clinical 
decision-making in the ICU.
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