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Objectives: A novel beta coronavirus has been identified as responsible for the 2019 coronavirus infection
(Covid-19). Clinical presentations range from asymptomatic cases to acute respiratory distress syndrome
with fatal outcome. Such a broad spectrum of disease expression calls for an investigation of immune
response characteristics.
Methods: We identified subjects admitted for Covid-19 in whom a large panel of immunological markers
were measured, including B- and T- and NK-lymphocyte phenotypes, T-lymphocyte subpopulation cells
and plasma cytokines. Patients were divided according to symptom severity during hospitalisation, in
those with uncomplicated and complicated infection. Differences between groups were analyzed.
Results: Seventeen patients were included (mean age: 83 years; 9 women; mean delay of symptoms
onset: 4 days). Six had uncomplicated infection, while 11 developed complicated forms during
hospitalization. CD10 + B lymphocyte levels were inversely correlated with clinical severity (5.8% vs 2.0%,
p = 0.04) and CD10+ levels above 3% were independently associated with uncomplicated forms [Odds
Ratio 0.04 (CI 0.002-0.795, p = 0.034)]. TNF-alpha, IL-1, 1I-6 and I1-8 measurements upon admission
differed between patients who died and those who survived (p < 0.01 for all comparisons).
Conclusions: In a population of elderly patients recently infected with Covid-19, CD10 + B cell levels were
inversely correlated with clinical severity. Cytokine values upon admission were highly predictive of fatal
outcome during hospitalisation. These findings could explain differences in the clinical presentation and
allow rapid identification of patients at risk for complications.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction

A cluster of pneumonia cases of unknown origin occurred in
Wuhan Hubei Province, China, in December 2019 (Huang et al.,
2020). The pathogen was then identified as a novel beta
coronavirus now named severe acute respiratory syndrome
coronavirus 2 (SARS-Cov-2) and responsible for the so-called
2019 novel coronavirus disease (Covid-19) (Gorbalenya et al.,
2020). Human-to-human transmission of Covid-19 has been
established and the virus has rapidly spread worldwide (Wang
et al,, 2020; Chang et al., 2020; Carlos et al., 2020).
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The typical clinical presentation described was initially that of
an acute respiratory syndrome, but several other clinical signs have
since been reported, such as diarrhea, anosmia, confusion and
vasculitis (Pinzon et al., 2020; D’Amico et al., 2020; Wai-Hin Chung
et al,, 2020; Meng et al., 2020; Buja et al., 2020; Boukhris et al.,
2020; Roman et al., 2020; Ng Kee Kwong et al., 2020).

However, clinical expression of Covid-19 is extremely variable,
with, in some cases, asymptomatic or mild forms (Nikolai et al.,
2020), while in other subjects severe forms culminating in acute
respiratory distress syndrome (ARDS) have been described,
requiring patients to be transferred to Intensive Care Units.
Consequently, very high mortality rates have been reported
worldwide (Alhazzani et al., 2020; Shang et al., 2020).

Among clinical predictive factors for severe forms of Covid-19,
older age, male gender and obesity are the most described (Chen
etal., 2020), while correlations between abnormal coagulation and
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hematological parameters with poor prognosis have been ob-
served (Sun et al., 2020; Velavan and Meyer, 2020).

Immunity is probably one of the major determinants of clinical
outcome, as ARDS has been associated with a so-called cytokine
storm, characterized by an exaggerated and uncontrolled inflam-
matory response to the virus, potentially resulting in lung injury
(Qin et al., 2020). This immune response to Covid-19 calls for in-
depth investigation. Indeed, lymphocytes subsets and immune
response during Covid-19 have only been partially studied. Qin
et al. found lower levels of helper T cells and suppressor T cells in
severe patients, but demographic characteristics of severe and
non-severe patients were significantly different (Qin et al., 2020).
Moreover, while the induction of a robust cellular immunity is
likely essential for efficient virus control, dysregulated T cell and
NK cell response may contribute to disease severity (Vabret et al.,
2020). Therefore, it is urgent to better elucidate how different
immune responses across patients affect the clinical presentation.

The aim of this study was to retrospectively analyze the
immunological profile of patients at early stages of Covid-19 in
order to identify potential risk factors for subsequent clinical
deterioration.

Methods
Study design and participants

We conducted an observational, retrospective cohort study on
patients admitted to the Internal Medicine and Infectious Diseases
Department in Cannes General Hospital, from March to May 2020,
with confirmed Covid-19 infection. Inclusion criteria were positive
SARS-CoV-2 RT-PCR detected in nasal swabs and immunological
investigation of blood samples, generally performed as a conse-
quence of lymphopenia, upon admission. The immunological panel
included B- and T- and NK-lymphocyte phenotyping, T-lympho-
cyte subpopulation cell counts and plasma cytokine measure-
ments.

All patients enrolled in this study were diagnosed and treated
according to national guidelines for Covid-19. Blood samples were
collected in accordance with the clinical guidelines for inpatients
with Covid-19. The study was submitted to the French National
Institute for Health Data (Institut National de Données de Santé,
reference CNIL MR0O04) and patients gave informed consent for
retrospectively collecting data.

Procedures

Demographic characteristics, underlying comorbidities, dura-
tion of symptoms, clinical signs prior to admission, upon
admission and during hospitalisation, laboratory findings during
hospital stay and clinical outcome were collected from patients’
medical records.

Among laboratory findings, we focused particularly on immu-
nological markers, which were mainly prescribed as a consequence
of initial lymphopenia by the attending physicians and which
included plasma cytokines (IL-1, I1-6, I1-8 and TNF-alpha), T- and B-
lymphocytes and their sub-populations. Physicians who had been
directly involved in patients’ management also actively took part in
this retrospective analysis.

In line with WHO criteria for Covid-19 clinical severity (World
Health Organization), patients were divided into two groups
according to the clinical outcome during hospitalisation:

- Subjects with either uncomplicated illness, defined either by a
complete lack of symptoms and/or by the presence of symptoms
such as fatigue or upper respiratory tract infection, with no
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clinical signs of pneumonia, hypoxia or clinical worsening
during the course of the infection.

Subjects with complicated illness, in case patients experienced
severe forms, either already at admission, or during hospitali-
zation. Severity was defined by signs of pneumonia associated
with at least one of the following additional criteria: respiratory
rate >30 breaths/minute, severe respiratory distress, or spO2 <
90% on ambient air.

In case of patient transfer to another clinical setting, files were
reviewed and physicians interviewed in order to confirm that no
significant changes in clinical presentation had been observed for
each patient.

The main reason for admitting uncomplicated Covid-19-
positive patients was the identification of virus outbreaks in
several local nursing homes, which required systematic testing of
residents and their admission to our Department in order to reduce
risks of spread in such high risk settings. In case of completely
asymptomatic patients, duration of symptoms was calculated
starting from the first RT-PCR positive nasal swab.

Multicolour Flow Cytometry (MFC) analysis of circulating T and
B cells and their sub-populations

Flow cytometric analysis was conducted on blood collected on
EDTA and labelled within 48 h. Briefly, immunophenotypical
analysis was performed using 8-color flow cytometry (FACSCanto
I, BD Biosciences, San Jose, CA). The following antibodies were
used in this study: fluorescein isothiocyanate (FITC)-conjugated
-CD27, -CD38, -CD8, -anti-kappa; phycoerythrin (PE)-conjugated
-CD56, -CD25, -anti-Lambda, -anti-IgD; Peridinin chlorophyll
protein-Cy5.5 (PerCP-Cy5.5)-conjugated -CD8, -CD24, -CD4,
-CD5, PE-Cy7-conjugated -CD127; allophycocyanin (APC)-conju-
gated -CD45RA, -HLA-DR, -CD10, -anti-IgM; APC-H7-conjugated-
CD3, -CD14; V450-conjugated-CD197, -CD4, -CD38; V500-conju-
gated-CD45; BV421-conjugated -CD8, all purchased from BD
Biosciences. PE-Cy7-conjugated -CD19 was obtained from Beck-
man-Coulter.

Instrument set-up was performed according to the FranceFlow
Standard Operating Procedures (Solly et al., 2019). Lymphocytes
were identified on the basis of SSC/FSC properties and CD45
expression, and their sub-populations of naive, memory, effector
and effector memory lymphocytes according to expression of
CD45RA and CD197 (Maecker et al., 2012). The Treg gating strategy
was based on the gating of CD3+CD4+ and CD3+CD8+ lymphocytes,
the CD127wkCD25+ gate being set on CD3+CD4 + T cells using the
CD3+CD8+ T cells as a negative control (Liu et al., 2006). In addition
to expression of CD10, CD20 kappa and lambda on B cells, at least 6
different B cell populations were identified in each sample, namely
naive B cells, switched memory B cells, marginal zone-like
memory B cells and CD27-negative memory B cells, transitional
B cells and plasmablasts.

Plasma cytokines analysis

In plasma, cytokine measurement included I1-6, Il-1, 11-8 and
TNF-alpha, measured with custom-designed cartridges Ella
(ProteinSimple), following the manufacturers’ instructions.

Statistical analysis

Categorical variables were described as frequency rates and
percentages, while continuous variables were detailed with mean,
median and inter-quantile range (IQR).

Patients with asymptomatic or mild forms were compared to
those with moderate-to-severe forms.
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y>-tests and Student's t-tests were performed to compare
variables, and independent risk factors were identified by
multivariate analysis.

Variables with P < 0.20 in univariate analysis were initially
selected for the multivariate model and only those with P < 0.05
were retained in the final model. All analyses were performed
using Statview© software.

Results
Study population

From February to May 2020, 101 patients were admitted to our
Department for Covid-19.

Among them, 17 underwent immunological analysis upon
admission and were included in this study (mean age 83 years, 9
women, mean time since symptoms onset 4 days, mean length of
hospitalisation 10 days). Demographic characteristics of patients

Table 1
Risk factors associated with complicated forms (N = 17).
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studied were quite similar to the total population admitted in the
Department for Covid-19, with a slight older age and higher rate of
comorbid conditions (data not shown). Among included patients,
16 out of 17 had at least one comorbid condition, i.e. hypertension
(10/17, 59%), diabetes (6/17, 35%) and cognitive disorders (5/17,
29%). All patients had positive SARS-CoV-2 RT-PCR in nasal swabs
at the admission.

According to their clinical severity at the admission, 15 out of 17
subjects were either asymptomatic or had mild symptoms, while
just 2 patients already had criteria for severity.

Patients’ outcomes and risk factors associated with complicated illness

Six patients had uncomplicated illness during the hospitaliza-
tion and completely recovered. The other 11 patients experienced a
complicated Covid-19; 2 of them already had signs of severity at
the admission and the other 9 developed clinical worsening during
the hospitalization.

Clinical presentation

Uncomplicated (n = 6)

Complicated (n = 11)

mean [SD] mean [SD] p-value ORAdj [IC 95%] p
Age 84.8 [16] 82.7 [10.7] 0.748
Symptoms onset (days) 4.2 [5.51] 44 [3.72] 0.930
Lymphocyte T CD4+ (%) 449 [14.21] 384 [16.09] 0.419
L. T CD8+ (%) 222 [15.15] 20.1 [12.5] 0.767
L. T CD4+CD8+ (%) 34 [2.87] 21 [1.14] 0.197
L. CD4-CD8- (%) 1.4 [1.35] 3.6 [2.93] 0.108
L. NK (%) 23.0 [13.36] 26.97 [17.73] 0.641
L. T CD56+ (%) 3.2 [1.63] 7.8 [5.78] 0.314
L. T CD5+ (%) 14.0 [11.77] 5.4 [4.74] 0.786
L. T CD4CD38HLADR (%) 3.0 [1.97] 5.4 [8.67] 0.506
L. T CD8CD38HLADR (%) 13.2 [13.14] 133 [15.51] 0.993
L. T regulators (%) 3.0 [1.15] 2.6 [0.80] 0.465
L. B CD19+ kappa (%) 61.7 [3.21] 58.0 [7.20] 0.300
L. B CD19+ lambda (%) 37.7 [3.54] 41.7 [7.14] 0.266
L. B CD19+ CD20+ (%) 97.3 [2.82] 97.5 [4.26] 0.922
L. B CD19+ CD10+ (%) 5.8 [4.85] 2.0 [2.34] 0.046
L. T CD4 naive (%) 34.6 [17.07] 283 [14.75] 0.439
L. T CD4 central memory (%) 36.0 [18.67] 39.0 [18.71] 0.756
L. T CD4 effector memory (%] 26.3 [20.33] 30.2 [22.59] 0.726
L. T CD4 EMRA* (%) 31 [3.37] 5.4 [10.97] 0.627
L. T CD8 naive (%) 12.4 [10.70] 16.7 [21.36] 0.653
L. T CD8 CM (%) 10.3 [19.79] 5.9 [3.75] 0.473
L. T CD8 EM (%) 25.8 [13.31] 37.2 [16.55] 0.168
L. T CD8 EMRA* (%) 51.5 [27.97] 40.2 [16.62] 0.308
n % n % p-value ORAdj [IC 95%] p

Gender 0.399

Men 2 (33.3) 6 (54.5)

Women 4 (66.7) 5 (45.5)
Hypertension 0.113

Yes 2 (33.3) 8 (72.7)

No 4 (66.7) 3 (27.3)
Diabetes 0.219

Yes 1 (16.7) 5 (45.5)

No 5 (83.3) 6 (54.5)
Cognitive disorders 0.174

Yes 3 (50.0) 2 (18.2)

No 3 (50.0) 9 (81.8)
Obesity 0.515

Yes 0 (0) 2 (18.2)

No 6 (100.0) 9 (81.8)
Total lymphocyte count >1000 cc/mm3

Yes 5 (83.3) 5 (45.5) 0.116

No 5 (16.7) 6 (54.5)
L. B CD19+ CD10+ > 3% 0.007

No 1 (16.7) 9 (81.8) 1

Yes 5 (83.3) 2 2) 0.04 [0.002;0.795] 0.034

" EMRA: effector memory CD45 + RA cells.
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Patients with uncomplicated illness had higher levels of BCD19
+CD10+ lymphocytes upon admission than patients with compli-
cated infection, and multivariate analysis confirmed that levels
above 3% were associated with uncomplicated illness (Table 1,
Figure 1). Moreover, as the presence of CD10+ cells has been
associated with lymphopenia in HIV-infected patients (Ho et al,,
2006), we measured these and found no correlation between
lymphocyte count and CD10+ levels (data not shown). Even
excluding the 2 patients who already had clinical signs of severity
at admission, levels of BCD19+CD10+ levels were higher in patients
with uncomplicated illness (data not shown). Neither lymphope-
nia at the admission nor during the hospitalization was associated
with clinical severity or fatal outcome (data not shown).

Values of TNF-alpha and IL-1, but not IL-6 nor IL-8, differed
significantly between subjects with uncomplicated and compli-
cated illness: TNF-alpha: 34.8 vs 13.0, p = 0.04, respectively; IL-
1:0.8 vs 0.2, p = 0.04, respectively.

All patients in the complicated illness group received hydroxy-
chloroquine, frequently associated with a macrolide. The dosage of
hydroxychloroquine was a regimen of 200 mg three times daily for
a 10 days, while the macrolide was co-administered the first 5 days.
A close monitoring of potential side effects to such drugs was
performed. In particular, patients had electrocardiograms every
two days during their hospital stay and daily control of electrolyte
count. No criteria for stopping these drugs earlier than scheduled
were found in any patient.

Four patients died, all of them in the complicated group; the
cause of death was either directly related to Covid or to associated
complications. Values of TNF-alpha, IL-1, 1I-6 and II-8 were
significantly different between subjects who died and those
who survived (50 vs 15, 1.4 vs 0.2, 219.1 vs 13.0 and 52.1 vs 11.89,
respectively, p < 0.01 for all comparisons). Among patients who
died, under no circumstances was hydroxychloroquine suspected
as related to death.

Corticosteroids were prescribed in 5 patients who had clinical
worsening and 3 of them unfortunately died despite this
treatment. Antibiotic therapy was prescribed in 10 out of 17
subjects. Main regimens included beta-lactams and macrolides. All
four patients who died received antibiotics during their hospitali-
zation.

Trends in immunological markers according to clinical severity
A second immunological analysis was conducted in a subgroup

of 10 patients 10 days later. Levels of CD19+CD10 + B lymphocytes
did not differ between clinical groups (4.7% in uncomplicated vs
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2.8% in complicated illness, p = 0.361). A trend was observed in the
slope of CD4CD38HLADR (-1.4% in uncomplicated vs +0.840 in
complicated illness, p = 0.08) and CD8CD38HLADR cells (—10.7% vs
-1.9%, p = 0.08).

Discussion

In a population of elderly patients at a very early stage of Covid-
19, we found that levels of CD10 + B lymphocyte cells were
predictive of the clinical severity.

In humans, CD10 is expressed on B cell progenitors in the bone
marrow and subsequently disappears gradually with maturation,
except on activated germinal center founder B cells, co-expressed
with CD27 (Malaspina et al., 2006). These activated B cells are also
detected in peripheral blood, the majority of them consisting of
immature/transitional B cells (Sims et al.,, 2005). As CD10 is a
marker known to be associated with immature/transitional cells,
we compared transitional B cells between the two groups, which
only revealed a trend (data not shown). Our study, which was not
intended to specifically analyze this cell population, does not allow
a conclusion on the origin of these cells and their significance in
Covid-19 infection, as the difference in levels of transitional cells
was not statistically significant between the two groups. However,
several hypotheses can be put forward: if they are not immature/
transitional cells, they could be activated precursor B cells with
early Ig rearrangement in order to produce a broad repertoire of
antibodies capable of responding to the viral infection (Vabret
etal., 2020; van Zelm et al., 2005). Indeed, a robust B-cell response
and plasmablasts expansion is generally detected early during
SARS-CoV-2 infection (Stephens and McElrath, 2020). For reasons
that still require investigation, only subjects who produce higher
levels of precursor B-cells appear to develop less severe forms of
Covid-19. Besides, Ho et al. showed that in HIV-infected patients
with advanced disease there is an increased production of CD10+
cells, which are highly susceptible to intrinsic apoptosis, due to
overexpression of the anti-apoptotic BCL-2 and BCL-x; proteins
(Ho et al., 2006). Thus, increased levels of CD10+ in patients with
mild forms of infection could also be explained by their better
ability to eliminate the virus as a consequence of a pro-apoptotic
profile of B lymphocytes and accelerated cell turnover. Unfortu-
nately, the analysis did not include II-7 which has been associated
with the homeostatic compensation of overrepresented precursor
B cells (Rosenberg et al., 2006). Finally, another explanation for
lower levels of CD10+ cells in complicated forms could be a
vigorous virally-induced immunosuppression, responsible for a
blunted lymphocyte response (McGonagle et al., 2020).

p=0.046

14 A
12

10 7 Median
8 4 (%)4.6

- - Uncomplicated
- . Complicated

CD10+ B cells

Figure 1. CD10+ B cells according to the clinical outcome.
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If confirmed by larger studies, this work could furnish new
insights about the immunological mechanisms of response to the
virus and the broad spectrum of clinical presentation in a
population at high risk of complication.

Interestingly, no difference between groups was found upon
admission for values of the main plasma cytokines involved in the
so-called “cytokine storm”. However, although the majority of
patients had a mild clinical presentation upon admission, initial
cytokine values were highly predictive of fatal outcome during
hospitalisation. These results could have another important
consequence for future management of Covid-19, suggesting that
cytokine levels at entry could allow rapid identification of subjects
who, despite moderate clinical symptoms, could be at risk for
developing severe complications, and could thus be anticipated to
benefit from anti-inflammatory strategies (Zhang et al., 2020).

To our knowledge, this is the first study to evaluate the
immunological profile of patients preceding their clinical deterio-
ration. As previously cited, lymphocyte subsets during Covid-19
have been already studied by Qin et al. (2020), but demographic
characteristics of severe and non-severe patients, in contrast with
ours, were significantly different between groups. Moreover,
although time since symptoms onset is not described, we presume
that patients were in a later stage of infection than in our cohort, as
the immunological analysis was performed when patients already
had signs of severity.

The study was not designed to determine the role of
hydroxychloroquine regarding clinical response, as only subjects
with severe forms received this compound. Only randomized
prospective studies on recently infected patients can be expected
to establish its role.

This study is limited by its retrospective character. However,
files were systematically reviewed in order to confirm all described
clinical data. Duration of infection might be another limitation, as
it cannot be coincident with symptoms onset. We therefore cannot
exclude a difference in duration of viral replication between the
two groups. Only through systematic and prospective nasal swabs
in asymptomatic subjects would it be possible to exactly
determine the time of onset of infection.

In conclusion, our work shows that levels of CD10 + B cells are
higher in patients with uncomplicated Covid-19 and that levels of
cytokines at the early phase of infection are predictive of a poor
outcome, arguing in favor of rapid interventional strategies for
patients at risk.
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