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� Abstract
In patients with severe SARS-CoV-2 infection, the development of cytokine storm
induces extensive lung damage, and monocytes play a role in this pathological process.
Non-classical (NC) and intermediate (INT) monocytes are known to be involved dur-
ing viral and bacterial infections. In this study, 30 patients with different manifesta-
tions of acute SARS-CoV-2 infection were investigated with a flow cytometric study of
NC, INT, and classical (CL) monocytes. Significantly reduced NC and INT monocytes
and a downregulated HLA-DR were found in acute patients with severe SARS-CoV-2
symptoms. Conversely in patients with moderate symptoms NC and INT monocytes
and CD11b expression were increased. © 2020 International Society for Advancement of

Cytometry
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PATIENTS with severe COVID-19 symptoms show extensive lung damage due to
the development of a cytokine storm involving IL2, IL6, and TNF-α release (1). In
this process, a crucial role is played by monocytes as effectors. Circulating mono-
cytes are a heterogeneous and plastic population including three different subsets:
classical (CL), intermediate (INT), and non-classical (NC) cells (2). The three mono-
cyte subsets are identified by the differential expression of CD14 and CD16. Mono-
cyte subsets are differently involved in innate and adaptive immune response, in
various phases of inflammation and in the pathogenesis of inflammatory diseases.
CD14++ CD16dim CL monocytes and CD14++ CD16+ INT monocytes account for
90–95% of peripheral blood monocytes and are known to respond to bacterial-
associated signals. Conversely, CD14dim CD16+ NC monocytes account for the
remaining 5–10% and are more responsive to virus-associated stimuli (2, 3). In this
study, patients with acute SARS-CoV-2 infection were studied and NC, INT, and CL
monocytes subsets were evaluated by flow cytometry at the first clinical presentation.
The cytometric data were correlated to patients’ status and outcome.

METHODS

Patients and Control Group

Thirty acute COVID-19 patients (8 females and 22 men) with a median age of
68 years were studied at their first presentation to the emergency department for
SARS-CoV-2-related symptoms. Full blood count, D-dimer, and C-reactive protein
(CRP) were measured along with the evaluation of blood gases, chest X-rays, and
CAT scans. In all patients with fever, rapidly evolving respiratory symptoms, oxygen
desaturation (<90%), and typical chest imaging findings, SARS-CoV-2 infection was
confirmed by SARS-CoV-2 nucleic acid RT-PCR of nasal-throat swab specimens
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(Gene Finder™ COVID-19 Plus Real KIT, OSANG
Healthcare, Korea). Twenty patients (67%) with severe
COVID-19-related respiratory distress required intubation
and ventilatory support. The other 10 patients with no need
of ventilatory support were included in the moderate SARS-
CoV-2 infection group. All testings were performed on blood
samples taken at admission, before any medical treatment
was given. In addition, 20 healthy donors were included as
the normal control group. The approval for this prospective
and observational study was obtained from the local scientific
committee. Conscious patients were submitted an informed
consent form to agree on experimental testings and personal
data interexchange. However, only patients with no need of
ventilatory support were able to sign these forms (example in
Supplementary Material).

Flow Cytometric Analysis of NC, INT, and CL

Monocyte Subsets

Briefly, 50 μl of EDTA whole blood were stained with a
combination of conjugated monoclonal antibodies: anti-
CD16-FITC (clone 3G8), anti-CD64-PE (clone 10.1), anti-
CD11b-APC (clone ICRF44), anti-CD14-APC-H7 (clone
MΦP9), and anti-HLADR-V450 (clone L243) (Becton Dickinson
Biosciences, Milan, Italy) for 20 min in the dark at room tempera-
ture. After the staining the samples were processed with a lyse-no-
wash technique using ammonium chloride. Flow cytometric
analysis was performed on a FACS Lyric (Becton Dickinson).
Data from at least 100,000 total white cell events were acquired.
Monocytes were identified and gated by their scatter features
and CD64 expression. CL, INT, and NCL monocytes were iden-
tified according to their respective expression of CD14 and
CD16 (Fig. 1). CD11b and HLA-DR expression on the whole
monocyte population were also evaluated and expressed in geo-
metric means of calibrated MFI units. The medians of CD11b
and HLA-DR expression intensities in the three subject groups
were also compared. Details of the gating strategy are illustrated
in Supplementary Figure S1.

The continuous analytical data were not normally
distributed, as assessed with the Kolmogorov–Smirnov test.
The Mann–Whitney test was therefore used for comparisons
between patient groups and controls. Statistically significant
differences were established by a P value <0.05.

RESULTS

Thirty acutely infected patients were included in this study.
Twenty patients, 16 males and 4 females, with a median age
of 66 years showed a severe acute clinical picture. Five
patients were younger than 60 years. Six patients were admit-
ted to the intensive care unit for respiratory failure and
required intubation. In 14 severe cases, non-invasive ventila-
tion (CPAP) was required, whereas the 10 cases with moder-
ate symptoms did not require any ventilatory support. No
significant difference was found between the two groups with
respect to age. Among the 10 patients with moderate symp-
toms, half were females. At admission to the emergency unit,

the most frequent symptoms in both groups were fever and
cough. Two patients with severe acute infection died
(Supplementary Table S1 for demographic and clinical data
and Supplementary Table 2 for laboratory parameters).

Flow cytometry analyses results are summarized in
Figure 2. The patients and control group continuous variables
were compared by the Mann–Whitney test.

No differences were recorded in monocyte absolute
counts. Absolute lymphocyte counts were only slightly
lower in both patient groups as compared to controls
(Supplementary Table 2).

Significantly different proportions of CL, INT, and CL
monocytes subsets were observed between the two patient
groups and as compared with normal controls. Namely, in
the severe infection group monocytes were 95% of the CL
type, and NC monocytes were significantly lower than in con-
trols. In the moderate infection group, a higher percentage of
INT cells was observed, as compared with controls. Interest-
ingly, the minimum levels of INT monocytes (<0.4%) were
found in the two patients with severe infection who died.

Moderately symptomatic patients had an overall
upregulated CD11b expression, whereas severely affected
patients expressed CD11b like healthy controls. A significant
difference in HLA-DR expression was also observed between
the two patient groups, with a marked downregulation of
monocyte HLA-DR expression in severely symptomatic
patients (Fig. 2).

DISCUSSION

During the monitoring of patients infected by SARS-CoV-2, a
reproducible decrease of peripheral INT and NC monocytes
was found in subjects with the most severe clinical status at
admission. Conversely, patients with moderate symptoms not
requiring ventilatory support displayed increased proportions
of INT and NC monocytes. Moderately symptomatic patients
had an upregulated expression of monocyte surface CD11b,
whereas the monocyte HLA-DR expression was remarkably
downregulated in patients with severe symptoms, as a surrogate
indicator of infection-induced immunosuppression. These find-
ings can be related to SARS-CoV-2 pathogenesis and to the
underlying lung damage. The decrease of INT and NC mono-
cytes, along with the downregulation of monocyte HLA-DR can
be taken as an early indicator of an ongoing severe inflamma-
tory lung damage, and may have prognostic significance.

The clinical manifestations of COVID-19 are hetero-
geneous. It is now well established that SARS-CoV-2 can
cause different degrees of pulmonary involvement, requiring
ventilatory support in many cases, often with a fatal outcome
(1, 4). The activation of the innate immune system in the
early phase of SARS-CoV infection seems to have an impor-
tant role in the control of viral replication (5).

The severe cases are frequently reported with lymphopenia,
higher levels of D-dimer and CRP, as compared to clinically
moderate SARS-CoV-2 infections. In addition, high levels of
IL-2, IL-6, and TNF-α have been described in patients admitted
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to intensive care units (1). We found significant leucocytosis in
severely infected patients, whereas both patient groups displayed
mild to marked lymphopenia, increased levels of D-dimer and
CRP, but without statistically significant differences.

The expansion of CD16+ monocytes has been observed in
infectious or inflammatory conditions (6). The flow cytometric
findings described here were not conditioned by medical treat-
ment since samples were obtained at presentation.

In our study, COVID-19 patients with moderate symp-
toms had a higher level of INT monocytes than the control
subjects. We have also reproducibly found decreased NC
monocytes in patients with the most severe infection, and the
minimum values of INT monocytes were recorded in the two
patients who died. Our findings are in agreement with a large
recent study that also included intracellular cytokine measure-
ments (7), in which the fall of peripheral NC and INT mono-
cytes was related to the recruitment by the inflamed lung
tissue. On the contrary, another study (8) found a higher per-
centage of CD14+CD16+ inflammatory monocytes in severely
SARS-CoV-2 infected patients.

Channappanavar et al have shown that a robust viral repli-
cation promotes the accumulation of pathogenic monocyte–
macrophages in lungs, resulting in elevated local cytokine/
chemokine secretion and suboptimal T-cell responses, both in
the experimental setting and in patients. Increased numbers of
macrophages in the lungs were found in patients with severe

SARS-CoV-2 infection (9). The decrease of NC and INT mono-
cytes observed in severe SARS-CoV infection seems therefore
related to the concentration of monocyte–macrophages in the
lungs.

In our study, we have also found a stronger expression
of CD11b in moderately symptomatic patients than in severe
cases, whereas monocytes from severely infected subjects had a
downregulated HLA-DR expression. In acute lung injury CD11b+
macrophages are recruited in airspaces and play a key role in
promoting anti-inflammatory function. However, a depletion of
CD11b+ macrophages leads to a hyperactive immune response,
thereby impairing the physiological tissue repair process (10).

This study has some limitations: intracellular cytokine
measurements were not performed, which could have corrob-
orated the phenotypic findings, but no patients under study
were treated with tocilizumab at presentation. Moreover,
bronchoalveolar lavage analysis was not carried out in our
series, which could have allowed the evaluation of CD11b
expression on alveolar macrophages.

Our findings suggest that the decrease of NC and ITM
monocytes and the downregulation of HLA-DR may be con-
sidered prognostic indicators that may help in the early iden-
tification of patients with the worst and most rapid
unfavorable outcome. In this study, only 30 acutely infected
patients have been included, therefore additional studies are
warranted to further corroborate our findings.

Figure 1. (A) Monocyte subsets and monocyte CD11b expression in a COVID-19 patient with moderate clinical manifestations. Monocytes

are gated with CD64 and monocyte subsets are dissected with a CD14/CD16 plot. (B) The same analysis in a severely infected patient. The

profound decrease of the intermediate (INT) and non-classical (NC) monocyte subsets and the lack of CD11b up-regulation is evident in

the severely infected subject. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 2. Flow cytometric analysis of monocytes in patients and controls. (A) INT, NC, and CL monocyte subset frequencies, expressed as

percentage of total monocytes. (B) Quantitative expression of monocyte CD11b-APC and HLA-DR-V450 (geometric means in MFI units).

Red asterisks indicate outliers. P values not significant unless otherwise specified. [Color figure can be viewed at wileyonlinelibrary.com]
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