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Flow Cytometry Identifies Risk Factors and Dynamic Changes
in Patients with COVID-19
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To the Editor:
SARS-CoV-2 infection, first documented in Wuhan

(China) at the end of 2019, rapidly spread to become a pan-
demic disease (COVID-19). The infection is highly conta-
gious, and is characterized by a highly heterogeneous clinical
phenotype, ranging from fully asymptomatic to severe disease
and a high fatality rate [1]. While the reasons for such pheno-
typic heterogeneity remain ill-defined, some patterns have
emerged. In particular, in individuals with severe clinical
course, the disease often manifests in two waves [2]. In the
first phase, patients present typical clinical symptoms of a
respiratory tract infections, whereas in the second phase (ap-
proximately 8–12 days after onset of symptoms), sudden
worsening of respiratory status occurs. At this stage, diffuse
ground-glass opacities are observed on chest computed to-
mography. Lymphopenia, elevated D-dimer levels, and
prolonged prothrombin time are common laboratory abnor-
malities in these critically ill patients [2, 3]. Although the
infection has been documented in subjects of all ages, the

mortality rate is particularly high among elderly (> 70 years)
individuals. Pre-existing co-morbidities (such as diabetes, hy-
pertension, and chronic lung disease) are associated with
worse outcome.

The mechanisms underlying worsening of the disease are
object of intense investigation. Increased levels of
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)
have been documented in severely infected individuals
[2–4]. Along with lymphopenia, these observations have
led to hypothesize that dysregulation of immune responses
may play an important role in the pathology of the disease.
However, limited data are available on the immune status of
COVID-19 patients. In particular, it remains unknown
whether the study of immune parameters at the time of ad-
mission to the hospital may help distinguish those who will
progress to respiratory failure and will require admission to
intensive care units (ICU) and possibly die, from those with
moderate symptoms, who will not require invasive ventila-
tion and will eventually recover.
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We hypothesized that peripheral blood mononuclear cell
(PBMC) phenotypic abnormalities detected shortly after hos-
pitalization may help identify patients at higher risk of worse
outcome. To test this hypothesis, we collected peripheral
blood samples from 36 COVID-19 patients who have been
admitted to the Infectious Disease Unit of the Spedali Civili,
Brescia (Italy), a northern Italy city where a large fraction of
the population has suffered from SARS-CoV-2 infection and
where a high mortality rate has been documented [5]. Blood
was obtained upon informed consent and according to a pro-
tocol approved by the local ethical committee. Details of the
clinical and laboratory abnormalities of the patients are report-
ed in Supplementary Tables 1 and 2. The interval between
onset of symptoms and admission to the hospital was 7.78 ±
0.65 (mean ± SEM) days. Disease severity was assessed ac-
cording to the Sixth Revised Trial Version of the Novel
Coronavirus Pneumonia Diagnosis and Treatment Guidance.
Of the 36 patients, eight manifested a moderate disease phe-
notype (patients P1 to P8 in Supplementary Tables 1 and 2),
and 28 a severe phenotype at admission. All those with a
moderate phenotype recovered and were eventually
discharged 6.62 ± 1.39 days since admission. Among the 28
patients with a severe phenotype, 22 (patients P9 to P30 in
Supplementary Tables 1 and 2) gradually improved and were
discharged 13.68 ± 1.04 days since admission, whereas the
remaining six patients (P31 to P36 in Supplementary
Tables 1 and 2) progressed to critical clinical conditions.
Four of these died, and two were transferred to the ICU. Of
the latter, one recovered and was discharged 26 days since
admission, while the other one is still in the hospital.
Analysis of the PBMC phenotype in the entire cohort was
performed 2.78 ± 0.45 days after admission; moreover, longi-
tudinal values were recorded in 26 of the 36 patients, in the
attempt to document dynamic fluctuations of the immune pro-
file during evolution towards recovery.

Flow cytometry analysis at the time of first evaluation after
admission revealed significant differences among patients with
moderate disease, those with a severe phenotype who eventu-
ally recovered, and thosewho progressed to a critical phenotype
(Fig. 1). In particular, the absolute counts of CD3+, CD4+, and
CD8+ lymphocytes at admission were the variables that distin-
guished more clearly among the three groups of patients.
Furthermore, patients with severe disease had a significantly
reduced number of TCRγδ+ T cells, and an abnormal distribu-
tion of CD8+ T cell subsets, with lower proportion of naïve cells
and increased percentage of effector CD45RA+ cells (Fig. 1).
No significant differences were observed in the proportion of
the other T cell subsets and in the count of natural killer cells
(Supplementary Fig. 1). Comparison of the three groups of
patients also showed a lower count of circulating B cells in
those with severe disease, while a significantly increased pro-
portion of circulating CD19+CD20−CD38hiCD27hi

plasmablasts appeared as a common characteristic of all

patients, irrespective of the severity of the disease (Fig. 1). An
early specific antibody response, with a significant IgG compo-
nent, has been documented in patients with COVID-19.6 It has
been previously shown that non-neutralizing IgG antibodies
produced during SARS facilitated internalization of virus-
antibody immune complexes in myeloid cells, promoting in-
flammation and tissue injury, a phenomenon referred to as
antibody-dependent enhancement. High titers of anti-N and
anti-S IgG and IgM antibodies have been associated by others
with a more severe clinical outcome also in patients with
COVID-19, especially if of older age [6, 7]. Whether this re-
flects occurrence of antibody-dependent enhancement also in
COVID-19 remains to be seen.

It has been recently shown that progression to severe and
critical disease in patients with COVID-19 is associated with
reduced expression of HLA-DR molecules on the surface of
monocytes, and it has been speculated that this immune ab-
normality may underlie inadequate adaptive immune re-
sponses due to impaired SARS-CoV-2 antigen presentation
[8]. Our results confirm these findings. Such abnormalities
of monocyte phenotype are in contrast with what observed
in HIV-infected patients, in whom increased HLA-DR expres-
sion on the surface of monocytes is associated with apoptosis
and depletion of CD4+ T cells, and can be reversed by anti-
retroviral therapy [9, 10]. Importantly, our results indicate that
measurement of HLA-DR and CD4 mean fluorescent intensi-
ty (MFI) on the surface of monocytes at admission may not
only distinguish patients with moderate versus those with se-
vere disease but may also identify patients with severe pheno-
type who will progress to a critical status versus those who
will improve and eventually recover (Fig. 1).

By the time of the last evaluation before discharge, patients
who attained clinical recovery manifested significant im-
provement of several immunological parameters. However,
multilevel mixed linear regression analysis of longitudinal
values collected during hospitalization demonstrated that the
three groups of patients remained clearly distinct for a number
of parameters. In particular, while progressive improvement in
the counts of CD3+, CD4+, and CD8+ cells was observed in
patients with moderate or severe disease who eventually re-
covered, those who progressed to a critical status remained
with very low counts of all of these subsets, associated with
markedly reduced expression of HLA-DR and CD4 mole-
cules on the surface of monocytes (Supplementary Fig. 2).
Longitudinal analysis of B lymphocyte subset distribution
demonstrated that the proportion of IgM+ and switched mem-
ory B cells progressively increased in most patients, in partic-
ular 2 weeks after onset of symptoms, whereas the proportion
of plasmablasts concomitantly decreased and generally nor-
malized by the day of discharge (Supplementary Fig. 3).

Although the low number of patients and the possible con-
founding effects of co-morbidities and of various therapeutic
modalities used represent obvious limitations of our study, we
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were able to detect correlation between some of the immuno-
logical abnormalities observed and quantitative measures of
disease severity. In particular, Kaplan-Meyer analysis demon-
strated that lower CD3+ cell count and reduced CD4 MFI
expression on the surface of monocytes at the time of first
evaluation after admission were associated with increased du-
ration of the disease (Supplementary Fig. 4, panel A).
Moreover, linear regression analysis showed that among sur-
vivors, lower counts of CD3, CD4, and CD8 cells; lower CD4
and HLA-DR MFI on the surface of monocytes; and higher

levels of CRP, ferritin, and LDH at admission were associated
with prolonged duration of hospitalization (Supplementary
Fig. 4, panel B).

Finally, our patient cohort included also a male (P2) affected
with X-linked agammaglobulinemia, a genetic condition due to
mutations of the Bruton’s tyrosine kinase (BTK) gene. The
moderate COVID-19 phenotype manifested by this patient is
consistent with the promising results that have been recently
reported in a series of 19 patients with severe COVID-19 who
have received acalabrutinib, a BTK inhibitor [11].

Fig. 1 Lymphocyte and monocyte phenotype at first evaluation.
Comparison of lymphocytes subsets (upper rows) and surface marker
expression on monocytes (bottom row) at the time of first evaluation
between controls (C) and COVID-19 patients classified as moderate
who recovered (M- > R), severe who recovered (S- > R), and severe

who progressed to critical status (S- > C). The shaded area represents
t h e r a n g e o f n o rma l v a l u e s i n c o n t r o l s . * * p < 0 . 0 1 ,
***p < 0.001,****p < 0.0001. Pairwise comparisons were made by the
Mann-Whitney test with Bonferroni correction, after a significant
Kruskal-Wallis test
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In conclusion, our data suggest that flow cytometry analy-
sis of PBMC phenotype may help predict the risk of clinical
progression of COVID-19 and indicate that recovery from
COVID-19 is accompanied by improved antigen presentation
and more effective adaptive immune responses.
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